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Pick (1898) described as apperceptive blindness the 
inability to see resulting from loss of visual atten- 
tion. He observed that symptom in cases of 
circumscribed atrophy of the occipital lobes. 
According to Pick the loss of visual attention 
resulted in an inability to focus and in a loss of 
visual apperception, i.e. of the capacity for con- 
scious perception of visual stimuli. P6tzl (1928) 
who studied the symptom in the same kind of case 
material expressed the opinion that apperceptive 
blindness belonged to the visual agnosias, the basic 
disorder being an inability to synthesize visual 
impressions. Observations made by Horn and 
Stengel (1930) in a case of Pick’s disease corro- 
borated P6tzl’s view. The literature does not 
contain further reports on that symptom which 
obviously occurs only under a specific set of con- 
ditions of which little is known. We have observed 
a patient who to our knowledge is the first reported 
case of apperceptive blindness in general paralysis; it 
allows us to carry the analysis of that symptom 
further than has been possible hitherto. 

Mrs. C. M. aged 27 admitted 16/2/42. Five weeks 
prior to admission she had been delivered of a living 
child. After delivery she was delirious for three days 
and during the following weeks she was strange and 
noisy. On admission she gave the following history of 
herself. When she was five her mother died. The 
father, an alcoholic, committed suicide in 1930. The 
patient did well at school. For three years she was cared 
for in an orphanage which she left at the age of 15. 
The only facts that could be obtained about the following 
years were that she lost two domestic posts through 
pilfering and was treated for syphilis. She married at 
twenty. The husband is healthy. The patient has had 
four healthy children and one stiil-birth. During each 
pregnancy she received anti-syphilitic treatment but was 
a chronic defaulter. 

Condition on admission.—Patient was over-talkative 
and emotionally unstable. Questions were .answered 
promptly, sometimes in a rambling manner. She made 
grammatical mistakes, especially in the use of pronouns; 
she would use “‘ she” instead of “* he,” “‘ I” instead of 
“she”, etc. (Who was Napoleon?) “She wanted to 
conquer the world.” (How is your husband?) “I 
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have a letter from her, I am a prisoner in Germany.” 
Except for those grammatical mistakes there were no 
signs of aphasia. The speech was slightly monotonous, 
but there was no marked dysarthria. The orientation 
was correct. Memory and retention were considerably 
impaired. Her general knowledge was poor. She 
could not do simple multiplication and subtraction was 
slow and inaccurate. The patient lacked real insight. 

Physical examination—Physical condition satisfac- 
tory. No stigmata of congenital syphilis. Cardiovas- 
cular system normal. Pupils regular, reacting briskly to 
light and accommodation. Fundi healthy. No signs of 
hemianopia. Neurological examination negative.— 
WR in blood positive. CSF: WR strong positive, 
lymphocytes 10, globulin increased, Lange 55555543310; 
Chlorides 70; Glucose 58. 

15/3/42. The behaviour of the patient was satisfactory 
and she was allowed to go out unaccompanied. 2/4/42. 
Status epilepticus lasting for one-and-a-half hours, 
controlled by intravenous phenobarbitone sodium injec- 
tion. 4/4/42. The patient, who had been drowsy since 
the status epilepticus was slightly confused and when 
asked to name objects she repeatedly said she could not 
see. She obviously did not focus. She could, however, 
on several occasions name objects correctly without the 
help of touch or sound, thus proving that she was not 
blind; on superficial observation she sometimes gave that 
impression as she often knocked into objects. In her 
speech she showed a severe degree of perseveration. 
12/4/42. Delirious with visual hallucinations. Saw her 
husband and children outside and talked and waved to 
them; occasionally she seemed to hear their voices. 
Did not recognize anybody in the ward. Did not fix 
her eyes when requested to look at objects. Repeatedly 
asserted that she could not see or that she could not see 
well. 13/5/42. Now recognizes doctor and nurses. 
Expressing vague paranoid ideas. 20/5/42. Produced 
visual hallucinations and was inclined to confabulate. 
Holding her bedspread as newspaper she read: “ To- 
night I will be killed with an injection. I'll be ending my 
life on the scaffold.” 24/6/42. At times distressed and 
delirious. She still asserted she could not see and at 
the same time expressed visual hallucinations in which 
she saw her children and talked to them. 

29/7/42. The delirious condition had subsided and the 
patient was more co-operative. She could not for any 
length of time focus her attention on a task. In con- 
versation it often was impossible to overcome the severe 
perseveration. Frequent response to any question she 
found difficult to answer was the utterance “I’m 
stumped.” She would only very rarely say “I don’t 
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know.” Often she talked away in a confabulatory 
manner. When shown objects she focussed only 
occasionally and then would give the correct answer, 
sometimes requesting to be allowed to touch the object, 
but as a rule she did not focus and responded with the 
stereotyped answers: “I cannot see’ or sometimes “ I 
cannot see well.” The extreme lack of attention to 
visual stimuli was also shown by the fact that the blink 
reflexes were often missing on both sides. Another 
response consisted in naming some object which hap- 
pened to be in her visual field, usually connected with 
the body of the examiner, instead of the object shown to 
her. It appeared that the patient, instead of focussing 
on the object presented picked out some part of the 
background. On other occasions she named details of 
an object but was unable to comprehend the whole. 
Her behaviour and her utterances gave rise to the 
impression that the visible world presented a chaotic 
picture to her. She tired easily and then the persevera- 
tion and the alleged inability to see became more marked. 
Right and left were often mixed up and when asked to 
name her own or the examiner’s fingers she usually said 
she could not see, or used some other stereotyped excuse. 

Her speech was slow and somewhat drawling. There 
was no dysarthria and she was very talkative especially 
when spoken to. Once one could attract her attention 
she understood spoken language well. She occasionally 
produced wrong words as the result of perseveration. 
It was difficult to make her read and write. She usually 
said she could not see and made no effort to comply with 
requests to read or to write. Occasionally she wrote 
numbers correctly but it was never possible to make her 
calculate. Her writing was disturbed. She did not 
Stick to the line. Asked to write her name she wrote 
“*M ”’, then stopped and wrote “‘ rs”’ in the line above. 
Then she proceeded to write the name (Murphy), writing 
“M” with an extra loop followed by “ur” then 
another “ r”’ higher on the paper covered by a large and 
distorted loop of an incomplete “ p.”” Asked to write 
““hospital’’ she wrote ‘“‘hosperl” and ‘“* hospeel.” 
Other specimens showed a similar inability to keep 
to the line and the tendency to distort words by 
perseveration and omission. When given print to read 
she occasionally read a few words correctly, never a full 
sentence; usually she pushed the paper aside saying she 
could not see. When shown pictures she responded in 
the same way. It was impossible to persuade her to try 
drawing or copying. There were no signs of apraxia; 
she took her food without difficulty and handled objects 
of everyday use correctly; it was not possible to test her 
for constructional apraxia. 

The normal withdrawal or blinking reactions to strong 
flashes of light suddenly brought into her visual fields, 
were either lacking or very deficient; nor did she with- 
draw when an open knife was suddenly brought near 
her face. The same lack of response was noted when 
sudden loud noises sounded near her ear; she did not 
turn reflexly to the source of the noise nor did she with- 
draw her head. The reaction to pain was abnormal. 
There was no reaction of withdrawal when her hands or 
any other part of her body were strongly pricked with a 
pin; when the outstretched tongue was pricked she did 
not withdraw it either. There was on the whole a lack 
of responses to outside stimuli, however painful and 
apparently dangerous. 

10/9/42. Status epilepticus after which a complete 
right-sided spastic hemiplegia was found. 26/9/42. 
During the days following the epileptic state the patient 
was drowsy and later became delirious. She rapidly 
went downhill and died with signs of broncho-pneumonia 
and cardiac oedema. 

Post Mortem examination.—(Dr. 
Basal congestion in both lungs. Brown atrophy of the 
heart. Two small recent infarctions in the left kidney. 
The microscopic examination was in accordance with 
the naked-eye appearance. Other organs healthy. 

Brain (examined by Dr. Stengel). Generalized 
symmetrical gyral atrophy, moderate in the frontal and 
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temporal regions, more marked in the posterior parts 
especially in the occipital lobes. Opacity of the lepto. 
meninges, corresponding to a chronic diffuse lepto. 
meningitis. Moderate hydrocephalus internus and 
ependymitis granularis in the 3rd and 4th ventricle. 
Microscopic examination. Lepto-meninges.—Increased jn 
fibrous tissue; number of blood vessels increased, man 
of which showed infiltrations consisting of plasma cells 
and lymphocytes. The inflammatory changes were much 
more massive in the parietal and occipital parts of the 
cortex, especially the area parastriata. There were 
deposits of hzemosiderin-like pigment in adventitiaj 
and microglial cells. Some of those deposits gave a 
positive iron reaction. The cytoarchitecture of the 
cortex showed considerable pathological changes, 
There was a marked loss of ganglion cells, particularly 
in the 3rd and Sth layers, and many pyramidal cells 
showed disorientation. All phases of degenerative cel] 
disintegration could be demonstrated. Those changes 
were again most marked in the occipital region, but the 
area striata was comparatively less affected than the 
adjoining areas. The loss of nerve cells in the anterior 
central gyrus was comparatively moderate and no 
circumscribed lesion could be found. There was a 
considerable degree of diffuse demyelinization in the 
cortex which reached its maximum in the parieto- 
occipital areas; there were the usual signs of lipoidal 
breakdown, again more marked in the posterior cortical 
areas. Diffuse microglial proliferation over the whole 
cortex, in accordance with the local degree of the para- 
lytic process. In the cornu Ammonis the changes were 
considerable and of the same nature as in other parts 
of the cortex. Small subcortical patches of demye- 
linization were found in the occipital and frontal areas. 
Moderate degree of inflammation in the basal ganglia, 
particularly in the putamen. In the cerebellum some 
arterioles showed cuffing. Sections of the medulla and 
the spinal cord did not show pathological changes. 


Summary 


This case of general paralysis came under obser- 
vation following the birth of her fifth child which 
had precipitated a delirious condition. Three 
months later the patient had a status epilepticus 
which was followed by the appearance of atypical 
symptoms of a localizing nature. The patient 
maintained that she could not see. This statement 
alternated with vivid hallucinations, chiefly visual in 
character. Later the hallucinations subsided and 
the patient exhibited a complex clinical picture 
among the components of which the symptom of 
apperceptive blindness was prominent. The ina- 
bility to focus was very marked. Though the general 
mental condition of the patient made a systematic 
examination difficult the observations collected 
were sufficient for ascertaining that there were 
symptoms of a visual agnosia, a disturbance of 
right-left orientation and most probably a finger 
agnosia with agraphia. The writing suggested that 
one of the components of the agraphia was a dis- 
turbance of spatial orientation. There was per- 
severation in speech and actions and a tendency to 
dodge more complicated tasks. The understanding 
of spoken language was not impaired. The 
response to pain and other external stimuli corre- 
sponded to what Schilder and Stengel (1930) have 
described as ‘‘ asymbolia for pain.” The patient 
died following two attacks of status epilepticus; 
after the first attack a hemiplegia had developed. 

The post-mortem examination revealed changes 
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characteristic of a general paralysis. Those changes 
were much more marked in the occipital area, 
than in other parts of the cortex. Within the more 
heavily affected areas there were again some 
quantitative differences, the area striata being less 
affected than the other parts of the occipital cortex. 
Nowhere were there changes of the type described 
as status spongiosus. The changes suggested an 
acute exacerbation of a typical paralytical process 
exhibiting both the inflammatory and the degenera- 
tive features. 


Comment 


In this case the diagnosis of Lissauer’s dementia 
paralytica was justified on the ground that there 
were localizing symptoms pointing to a compara- 
tively more severe affection of the parieto-occipital 
cortical areas. The occurrence of epileptic seizures 
and of a hemiplegia supported that diagnosis. 
Alzheimer (1904) regarded the “‘ posterior” dis- 
tribution as characteristic of the Lissauer type of 
general paralysis. It is not intended to enter into a 
discussion of the pathology of Lissauer’s dementia 
paralytica re-examined recently by Galbraith and 
Meyer (1942) who described a case in which the 
character and distribution of the lesions were the 
same aS in our case. Our findings confirmed the 
conclusions of those authors that the pathological 
process underlying Lissauer’s dementia paralytica 
is not necessarily a status spongiosus as generally 
assumed. Galbraith and Meyer regard their case 
as a fairly recent one but they were unable to trace 
any precipitating factor. It is noteworthy that in 
our case the acute exacerbation of the paralytic 
process resulting in the picture of Lissauer’s dementia 
paralytica developed soon after a delirious condition 
following childbirth. This is of interest in view of 
the opinion expressed by neuropathologists that the 
Lissauer’s type of general paralysis is due to a toxic 
factor superimposed on the general paralytic 
process. 

The most interesting feature of this case was the 
symptom of apperceptive blindness. In trying to 
analyse that symptom it is necessary to consider the 
whole of the patient’s mental condition. There 
was, apart from the dementia, a severe thought 
disorder of a type which often follows frequent 
major epileptic attacks or head injuries (Symonds, 
1937, A. Paterson, 1942). Retardation of all men- 
tal activities with perseveration was an expression 
of that thought disorder. It is significant that 
apperceptive blindness appeared after the first 
Status epilepticus. There were in addition symp- 
toms of a visual agnosia. In attempting to compre- 
hend the outer world visually the patient either 
failed completely or sometimes set about that task 
in a piecemeal way, picking out details and thus 
trying to synthesize the visual impressions. Certain 
responses could be best described as the result of 
an inability to separate “ figure’? and ‘“* back- 
ground’ (Gelb and Goldstein, 1918). Another 
feature of the patient’s performance was that 
occasionally she would recognize and name an 
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object correctly in its natural setting whereas she 
would fail to do so when the object appeared in the 
“ artificial’ situation of the examination. Her 
behaviour was in accordance with that described 
by Gelb and Goldstein (1918) in their case of 
visual agnosia. However, it is clear that our case 
cannot be regarded as proof of the correctness or 
falsity of the Gestalt theory of pure visual agnosia. 
The experience of not being able to see appears to 
be the result of the general disorder of mental 
activity, as expressed by thought disorder, lack of 
attention and inability to focus, interacting with a 
visual agnosia. Those disorders apparently resulted 
in the visual impression of a chaotic outer world, 
which, as it were, blinded the patient; she could not 
but describe that experience as an inability to see. 
It is noteworthy that the patient never described 
herself as blind. There obviously is a great variety 
of sensations which result in the experience of an 
inability to see. It is well to remember that even 
the way in which hemianopia due to cerebral 
lesions is experienced differs in various individuals, 
some experiencing the lost part of the visual field as 
a dark gap (“‘ vision noire ’’ of French authors), 
others perceiving only the remaining visual field 
(“‘ vision nulle”’). It appears that even in those 
well-defined lesions the individual reactions of the 
patients determine the subjective effect. To de- 
scribe the symptom of apperceptive blindness as a 
reaction rather than an effect is justified on the basis 
of the observations that the same individual would 
sometimes attempt to comprehend the outer world 
in the same way as a patient with pure visual 
agnosia. Patients such as ours are at a serious 
disadvantage compared with those suffering from 
pure visual agnosia. The general mental disorder 
makes it impossible or much more difficult for them 
to “‘ circumvent ”’ their defect. The question arises 
whether that symptom should not be regarded as 
simply hysterical. However, such a description 
would be misleading. Present-day usage of the 
term hysterical for a symptom occurring in organic 
cases implies a hysterical feature additional to the 
organic picture and is supposed to permit of deduc- 
tions as to the premorbid personality. An analysis 
of apperceptive blindness on such lines would not 
only lack the clinical basis but it would not do 
justice to the fact that similar reactions structurally 
similar can be observed in many cases of brain 
disease. Hughlings Jackson has shown that many 
of the responses of such patients are to be under- 
stood as reactions to their disabilities. Goldstein 
(1939) has explained many features of the behaviour 
in organic as well as psychoneurotic disorder as the 
expression of a tendency to avoid catastrophic 
situations, i.e. complete breakdowns of mental 
activities. Our patient was, as the result of her 
general mental involvement, unable to cope with 
the difficulties imposed on her by the localized 
cortical lesions. In her relation to the outer world 
a catastrophic situation threatened to arise. The 
assertion that she was unable to see can be under- 
stood as a denial of the chaotic condition of the 
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outer world. Thus apperceptive blindness can be 
described as a primitive way of avoiding a catas- 
trophic situation by denial. The similarity of this 
mechanism with those underlying certain psycho- 
neurotic reactions is obvious. 

There are some other observations suggesting 
that the adjustment of the individual to changes in 
the visual aspect of the outer world is sometimes 
particularly difficult, especially when those changes 
arise fairly suddenly and when in addition to a 
disorder of the visual functions there exists a gross 
general mental disorder. Then the mechanism of 
denial sometimes intervenes resulting in such 
symptoms as the unawareness of cortical blindness 
(Anton, 1899). That symptom which is usually 
associated with visual hallucinations of a con- 
fabulatory character, though apparently the opposite 
of apperceptive blindness, is psychopathologically 
akin to it; the mechanism underlying both symptoms 
is that of a denial of a complete change of the visual 
aspect of the outer world. In this connection it is 
of interest that our patient had for a time visual 
hallucinations of exactly the same type as occur in 
Anton’s symptom. Those hallucinations can be 
understood in our case as another attempt at a 
denial of the chaotic condition in which the outer 
world presented itself. In both apperceptive blind- 
ness and Anton’s symptom an awareness of the 
disability occasionally breaks through. In the 
analysis of Anton’s symptom, which is an instance 
of anosognosia (Babinski, 1914), the relationship 
to the hysterical phenomena was noted and the 
mechanism of denial of organically produced 
defects was described as “organic repression.” 
Another instance of anosognosia affecting the 
visual apparatus is the symptom of imperception 
for the position of the eyelids recently described in 
this journal (Rubinstein, 1941). All those observa- 
tions show how much the reactions of the individual 
in brain disease have in common with those in 
psychoneuroses. This similarity suggests that both 
groups of mechanisms follow common biological 
laws. 


Conclusions 
A case of Lissauer’s dementia paralytica with 
apperceptive blindness has been described. The 
pathological examination revealed the typical 


changes of general paralysis which were more 
marked in the posterior parts of the cortex anq 
reached their maximum in the parastriatal arcas. 
The symptom of apperceptive blindness which 
hitherto has been observed only in cases of Pick’s 
disease with occipital involvement has been analysed. 
Apperceptive blindness has been described as g 
reaction to a chaotic visual impression of the outer 
world as it presents itself to patients with a severe 
general mental disorder interacting with a visual 
agnosia. The main features of the mental disorder 
were an organic dementia and a thought disorder 
of the type seen in chronic epilepsy with frequent 
fits. It has been shown that the psychological 
mechanism underlying apperceptive blindness js 
that of denial and it has been pointed out that 
apperceptive blindness is genetically akin to the 
symptom of unawareness of cerebral blindness and 
other instances of anosognosia. The relationship 
of that group of reactions in brain diseases to 
psycho-neurotic symptoms has been discussed. 


We are indebted to Professor D. K. Henderson for 
advice in the preparation of this paper and to Dr. W. 
Blackwood, Pathologist to the Scottish Mental Hospital 
Laboratory for permission to carry out the histo-patho- 
logical work in that laboratory. 

These investigations were carried out with the aid of 
the Lawrence McLaren Bequest and the Walter Smith 
Kay Research Fellowship in Psychiatry. 
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SOME OBSERVATIONS ON THE CEREBROSPINAL FLUID 
IN CLOSED HEAD INJURIES 


BY 


J. H. PATERSON, Captain, R.A.M.C. 


(RECEIVED 10TH JULY, 1943) 


Since the introduction of lumbar puncture as a 
therapeutic and diagnostic procedure in acute head 
injuries by Quincke in 1904, much has been written 
on the subject, particularly in regard to the indica- 
tions and contra-indications for the procedure. 
Nevertheless, whilst the alteration in pressure, cyto- 
logy and chemistry of the cerebrospinal fluid 
occurring in the acute state following a head injury 
has already been frequently discussed (usually in 
terms of clinical impressions) in the literature, there 
still seems to be room for further factual studies 
of the resultant changes on the lines notably adopted 
by Ritchie Russell (1932); particularly as these 
changes naturally have an important bearing on the 
treatment of acute head injuries, on which there 
are not a few conflicting views at the present time. 

This investigation was undertaken, therefore, 
with a view to assessing the actual changes in cerebro- 
spinal fluid pressure, the frequency and the degree 
of subarachnoid bleeding demonstrable by early 
lumbar puncture in acute head injuries, as well as 
the relation of these changes to such factors as 
severity of injury and the resultant alteration in the 
mental state. 


Method 


300 cases with head injuries on which lumbar punctures 
had been performed at a relatively early stage were 
reviewed for this communication, the procedure adopted 
being substantially the same in each case. Lumbar 
puncture was performed under local anesthesia, the 
patient being placed in the usual lateral position, the 
head being level with the lumbar spine. After adequate 
relaxation of the patient had been obtained, the initial 
cerebrospinal fluid pressure was carefully measured with 
a manometer, before cerebrospinal fluid was collected 
for examination. 

These cases were selected in that open injuries with 
dural penetration were excluded, as also were cases 
complicated by extradural hematomas, subdural 
hematomas (when diagnosed and operated on) or by 
infective meningitis. 


Results 


The Cerebrospinal Fluid Pressure-—Table I was 
constructed from the pressure readings obtained on 
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the occasion of the initial lumbar puncture in the 
first week after injury in 235 cases. These cases 
were grouped in accordance with the Post Traumatic 
Amnesia in the belief that the latter is as accurate 
a guide to the severity of a head injury as any 
other single factor, and the height of the Initial 
Pressure. It will be noticed that 27 of the 235 cases 
had an initial cerebrospinal fluid pressure of 250 mm. 
or over, of these only 11 gave a reading of 300 mm. 
or more. The highest pressure recorded in this 
series was 370 mm. In two-thirds of the cases the 
cerebrospinal fluid pressure was normal. 


TABLE I.—TuHE INITIAL PRESSURE WITHIN 7 DAys 
OF INJURY—235 CASES 














Pressure 
Post- 
Traumatic Total 
Amnesia 0-180 | 180-250 | 250 mm. 
mm. mm. _ |and over 
% % % Cases 
Under 24 hours 70 24 6 179 
1-7 days we 56 25 19 32 
Over 7 days .. 29 29 42 24 
Total .. - 150 58 27 235 
cases cases cases cases 

















_ For the purpose of this review the upper limit of 
normality was taken to be a pressure of 180 mm. of 
water. This figure seems to be accepted by most 
authorities, though some would put the limit at a 
lower level such as 150 mm. Merritt and Fremont- 
Smith (1937) after investigation of the lumbar 
cerebrospinal fluid pressure in 1033 patients having 
a normal blood pressure and showing no evidence 
of an inflammatory or expanding lesion in the brain 
concluded that the normal pressure ranged between 
70 and 180 mm. of water. 

Attention is drawn to the percentage distribution 
of the cases in the three amnesia classes. There is a 
significant increase in the proportion of cases with 
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raised pressure in the more severe injuries, though it 
should be noted that even when that injury was 
severe (post-traumatic amnesia over 7 days) in 
29 per cent. of the 24 cases the initial pressure was 
not above normal. 


TABLE II.—THE MEAN CEREBROSPINAL FLUID 
PRESSURE AT INITIAL PUNCTURE IN 300 CASES 





Post-traumatic 0-7 days 7-21 days 





amnesia after injury after injury 
Under 24 hrs. 159 mm. 150 mm. 
(222 cases) (184 cases) (38 cases) 
1-7 days 191 mm. 133 mm. 

(42 cases) (31 cases) (11 cases) 
Over 7 days 225 mm. 144 mm. 
(36 cases) (22 cases) (14 cases) 











This table represents an attempt at demonstrating 
the natural rate of return of the cerebrospinal fluid 
pressure to normal levels after a closed injury to 
the head. The pressure at initial puncture in 300 
cases was utilized, the mean pressures being plotted 
after the cases had been grouped in their respective 
amnesia classes, and in accordance with the interval 
between injury and initial puncture. It will be seen 
that though the mean initial pressure within one week 
of injury rises in proportion to the severity of that 
injury, in all three amnesia classes it falls within 
normal limits after the first seven days. In other 
words the cerebrospinal fluid pressure will return 
to normal levels within one week of injury, that is 
to say below a pressure of 180 mm. in the average 
case without repeated lumbar punctures. 


TABLE III.—THE MEAN RED CELL COUNT IN THE 
CEREBROSPINAL FLUID AT INITIAL LUMBAR 
PUNCTURE—120 CAsEs. 








Days after injury.. | 0-2 days | 3-6 days | 7-15 days 
No. of cases y 70 35 15 
Mean C.S.F. red 

cell count 65,600 9,600 600 














Blood in the Cerebrospinal Fluid Following Closed 
Head Injuries.—Initial puncture revealed the pre- 
sence of more than 100 red cells per cu. mm. in 
120 of the 300 cases under consideration. A count 
of less than 100 was disregarded in order to allow 
an ample margin for the possibility of contamination 
of the fluid with red cells at the time of withdrawal 
by the lumbar route. This table demonstrates the 
mean red cell count at initial puncture in relation 
to the interval between puncture and injury, and 
appears to indicate that clearance of red cells from 
the cerebro-spinal fluid by natural means proceeds 
very rapidly. On the other hand, in cases submitted 
to repeated lumbar puncture, of 39 with blood in 
the cerebrospinal fluid at initial puncture, 32 were 
free from blood at the end of the first week after 
injury; but of these, in only 5 cases was the result 
achieved by the fourth day after injury. Thus it 


would seem that repeated punctures do not appear 
to speed up the natural rate of clearance of bloog 
from the cerebrospinal fluid to an appreciable 
degree. 

The occurrence of further delayed subarachnoiq 
hemorrhages in the first and second weeks following 
injury and occasionally at an even later date is an 
interesting complication which is difficult to explain, 
In several of the cases under review such hemor. 
rhages were noted, and were accompanied by 
symptoms such as neck rigidity, headache, and even 
by a marked rise in the cerebrospinal fluid pressure. 
Minor delayed hemorrhages unaccompanied by 
clinical manifestations might well occur with greater 
frequency, and these may only be recognized if 
repeated punctures be performed. When the results 
of repeated puncture were analyzed it was found 
that in no less than 16 out of 42 cases secondary 
increments in the red cell count in the fluid took 
place, usually within one week of injury, but how 
frequently these increments are attributable to 
further hemorrhages cannot be assessed, as it 
should be emphasized that too much importance 
must not be attached to the actual red cell content 
of the lumbar fluid. Apart from the factor of 
sedimentation of the red cells into the lumbar sac 
which may well occur if the head be at a higher 
level than the lumber spine, a discrepancy may 
possibly result from partial occlusion of the Incisuria 
Tentorii with blood clot, preventing to a certain 
extent the escape of blood from the cortical sub- 
arachnoid spaces into the spinal theca; a mechanism 
which has been invoked to explain the rare case of 
clear blood-free cerebrospinal fluid obtained on 
early puncture of a proven case of spontaneous 
subarachnoid hemorrhage from a ruptured aneurism 
(Strauss, Globus, and Ginsburg, 1932). These and 
other factors might with advantage be born in mind 
when one is tempted to consider a moderate increase 
in red cells in the jumbar fluid as indicating the 
occurrence of a fresh subarachnoid hemorrhage. 
It should be noted too, that in the opinion of many 
authorities it is unlikely that repeated punctures 
cause a recrudescense of subarachnoid hemorrhage 
(McKissock and Brownscome, 1941). 

When the frequency with which blood is found 
in the cerebrospinal fluid at initial puncture is 
considered in relation to the post traumatic amnesia 
(Table IV) it is seen that clear blood-free cerebro- 
spinal fluid is but rarely found in cases with a post- 
traumatic amnesia of over 24 hours, and of 53 such 
cases only 4 were free from blood. 

In 105 cases punctured for the first time within 
7 days of injury the cerebrospinal fluid red cell 
count was compared with the initial lumbar cerebro- 
spinal fluid pressure (see Table V). If these figures 
are significant it would seem that there is little 
relation between the two factors except when con- 
siderable bleeding has taken place into the cerebro- 
spinal fluid spaces. When this occurs raised 
pressures are to be expected in the majority of cases, 
though it would seem that the association is by no 
means the rule. 
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TaBLE 1V.—THE FREQUENCY WITH WHICH BLOOD 
js FOUND IN THE CEREBROSPINAL FLUID AT 
[INITIAL PUNCTURE WITHIN 7 Days OF INJURY— 


240 CASES 








: Blood in C.S.F. . 
Post-traumatic (Over 100 cells ae if in 
amnesia per cu. mm.) S.F. 
Under 24 hours 73 cases 114 cases 
|-7 days 28 cases 2 cases 
Over 7 days 21 cases 2 cases 











—_—_ 


TaBLE V.—THE CEREBROSPINAL FLUID PRESSURE 
AT INITIAL PUNCTURE WITHIN 7 Days OF INJURY 
in 105 CASES WITH BLOOD IN THE FLUID. 











Pressure 
Red cells in the 
C.S.F. (per Total 
cu. mm.) 0-180 | 180-250 | 250 mm. 
mm. mm. _ | and over 
Cases 
100-1,000 ie 22 6 8 36 
1,000-10,000 .. 16 5 3 24 
10,000—100,000 16 11 5 32 
Over 100,000 .. 4 3 6 13 

















The Mental State in Relation to the Cerebro- 
spinal Fluid Pressure and Red Cell Count.—In 192 
cases with closed head injuries the cerebrospinal 
fluid pressure as obtained at initial puncture was 
tabulated with the mental state of the patient at 
that time. To simplify the data so tabulated all 
cases who were comatose, stuporose, or who showed 
definite drowsiness were classed as being “ not 
alert.” The results are shown in Table VI. 


TABLE VI.—THE MENTAL STATE IN RELATION TO 
THE CEREBROSPINAL FLUID PRESSURE AT 
INITIAL PUNCTURE IN 192 CASsEs 








Pressure Alert Not alert Total 
0-180 mm. is 98 27 125 cases 
180-250 mm. 27 19 46 cases 
250 mm. and over 5 16 21 cases 














From this table it will be seen that only 5 out of 
21 cases with a pressure of 250 mm. and over were 
alert at the time of puncture; of these in only one 
was the pressure over 300 mm., in contrast to 
8 cases with a similar pressure who were drowsy, 
stuporose or comatose. These figures must not, 
of course, be taken to imply a direct relationship 
between the mental state and cerebrospinal fluid 
pressure; rather they suggest that other more 
important factors are concerned, and it will be 
noticed that even with normal pressures 27 out of 
125 cases were other than alert at the time of 
puncture. 


TABLE VII.—THE MENTAL STATE IN RELATION TO 
THE RED CELL COUNT IN THE CEREBROSPINAL 
FLuip AT INITIAL PUNCTURE WITHIN 7 DAys 
OF INJURY IN 105 CASES 











. Percentage 
Red cells in the 
C.S.F. (per cu. Total Alert of total 
mm.) cases 
Alert 
Cases % 
100—1,000 ra 36 25 68 
1,000—10,000 a 24 13 54 
10,000-100,000 .. 32 8 25 
Over 100,000 a 13 1 8 














When the mental state at the time of puncture 
is considered in relation to the red cell count in the 
cerebrospinal fluid, there appears to be quite an 
impressive increase in the proportion of the non- 
alert cases pari passu with an increasing cerebro- 
spinal fluid red cell count. In Table VII this 
apparent relationship is shown in 105cases punctured 
within seven days of injury. Thus, when the red 
cell count exceeded 100,000 red cells per cu. mm. of 
fluid, only one case was alert at the time of puncture 
(in this the red cell count was 236,000 cells per 
cu. mm.), as opposed to 12 which were not alert. 
In three of the latter the count was over a million 
cells per cu. mm., and all were unconscious at the 
time of puncture. This apparent relationship will 
be discussed later. 


Discussion 


It is of interest, especially in view of the import- 
ance which has hitherto been attached to the reduc- 
tion of intracranial pressure by dehydration and 
repeated puncture, to note how frequently the 
cerebrospinal fluid pressure was found in this 
review to be normal or only moderately raised at 
initial puncture in the first week after injury. 
Though pressures of 300 mm. and over were recorded 
in such circumstances in 11 of 235 cases, and of 
250 mm. and over in 27 of the cases, in nearly 
two-thirds the cerebrospinal fluid pressure was not 
raised above a normal limit of 180 mm. of water. 
Even when the injury was severe (resulting in a post 
traumatic amnesia of over 7 days) in 29 per cent. 
of the 24 cases the initial pressure was not above 
normal. It should be stressed, however, that 
the above cases were selected in that the factor of 
compression of the brain by extradural or subdural 
bleeding had been deliberately eliminated to a large 
extent, and it can be assumed that in such cases 
surgical measures are required to relieve the cerebral 
compression, which frequently gives rise to very 
high cerebrospinal fluid pressures. 

It seems unlikely, therefore, in the absence of 
cerebral compression by bleeding that a raised 
initial cerebrospinal fluid pressure plays an im- 
portant réle in the production of symptoms and 
signs in acute head injuries, especially in view of the 
rapid return to normal levels which has been shown 
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in this review to occur in the average case untreated 
by lumbar puncture. 

In consideration of the above data it will at once 
be apparent that no light is thrown on the mechanism 
by which a raised intracranial pressure is produced 
in acute head injuries in the absence of cerebral 
compression by extradural or subdural hemorrhage. 
Approaching the problem from the _ theoretical 
aspect, two such mechanisms can be postulated— 
(1) alteration in the rate of production or absorption 
of cerebrospinal fluid; (2) alteration in brain bulk, 
whether by increase in the volume of brain tissue 
or by engorgement of the brain with blood. Let 
us consider the first theoretical mechanism. An 
increased production of cerebrospinal fluid may 
result either from local changes at the site of for- 
mation—the choroid plexuses—or from vascular 
factors resulting in a change in the rate of blood 
flow or intracapillary pressure in the plexuses. 
Rand and Courville (1931) from observations on the 
histological appearance of the choroid plexuses 
and the ependyma of brains from fatal head injuries 
suggested that an increased formation of cerebro- 
spinal fluid takes place in such cases, and by analogy 
in non-fatal cases also. Other authorities, however, 
believe the changes they describe to be secondary 
to an increased intraventricular pressure. Further- 
more, the normal channels of absorption may well 
be impeded when the cortical subarachnoid spaces 
are filled with blood. 

Only a few years ago, when generalized traumatic 
cerebral cedema was thought to be common, the 
resultant increase in brain bulk was considered to 
be a primary factor in the production of an increased 
intracranial pressure, but recently grave doubts as 
to the existence of generalized cerebral oedema in 
such cases have arisen. Greenfield (1942) considers 
that cedema following injury to the brain is limited 
to the neighbourhood of the bruised area of cortex 
alone. 

It would seem then, that this problem is as yet 
unsolved, and it may well be that the solution will 
not be found until we have at our disposal safe and 
reliable methods of investigation of the rate of 
formation and absorption of cerebrospinal fluid 
in acute head injuries. 

As has already been stated, there appears to be a 
superficial relationship between the amount of 
blood in the cerebrospinal fluid and the mental 
state in those cases in which bleeding into the 
subarachnoid spaces has occurred, although there 
are notable exceptions. Turner (1941) reported a 
case in which the patient, though drowsy, was 
conscious, whilst at lumbar puncture over 4,000,000 
red cells per cu. mm. were found in the cerebro- 
spinal fluid. The latter resembled pure blood, 
except that it showed no tendency to clot. Thus 
such a relationship cannot be upheld if the source 
of hemorrhage be not also taken into consideration. 
Bleeding from a torn venous sinus with penetration 
of blood through the arachnoid into the subarachnoid 
space, whilst being massive, might well occur in the 
absence of conspicuous alteration in the mental state. 


Furthermore, it is possible, as Ritchie Russelj 
(1932) suggested, that a large quantity of blood jp 
the subarachnoid space may of itself cause loss of 
consciousness, and he quoted Bagley (1929) as 
showing in dogs that the subarachnoid injection 
of blood from the animal itself might produce loss 
of consciousness, whilst it is well known that in 
cases of spontaneous subarachnoid hemorrhage jn 
which the cerebrospinal fluid is heavily loaded with 
blood loss of consciousness may occur, though the 
fluid itself is found not infrequently to be under a 
normal pressure. 

Nevertheless, blood in the cerebrospinal fluid in 
acute head injuries most commonly results, in all 
probability, from cortical laceration and contusion, 
and it has been postulated that such cortical damage 
accounts for the coincident alteration in mental 
state. Jefferson (1942), however, rejects the belief 
that unconsciousness is necessarily due either to 
cortical injury or to compression, and _ favours 
the view that it is due to interference with the func- 
tions of the mid-brain, whether arising from 
primary neuronal damage at the moment of injury 
or later from the formation of a tentorial pressure 
cone. 

All that has been shown here is that the frequency 
of bleeding into the cerebrospinal fluid is directly 
related to the severity of the head injury, and that 
there appears to be a relationship between the 
intensity of such hemorrhage and the frequency 
with which full consciousness is impaired. But 
though the intensity of cortical hemorrhage can 
thus be assumed to be roughly related to the severity 
of the injury, the mechanism of direct and immediate 
neuronal damage to the brain stem is such that it 
likewise must be related to the same factor. Thus 
the present observations do not in any way conflict 
with Jefferson’s views as to the causation of trau- 
matic loss of consciousness. 


Summary 


1. 300 cases of selected acute closed head injuries 
in which lumbar punctures had been performed at 
an early stage following injury were reviewed. 


2. The lumbar cerebrospinal fluid pressure at 
initial puncture within one week of injury was 
analyzed in 235 cases. Whilst the pressure was 
normal in two-thirds of the cases, there appeared 
to be a significant increase in the proportion of 
cases with a raised pressure in the more severe 
injuries. 

3. An attempt was made to ascertain the natural 
rate of return of the cerebrospinal fluid pressure 
to normal levels after an acute injury. It was 
concluded that in the average case untreated by 


lumbar punctures this was achieved within one week 
of injury. 


4. In 120 of the 300 cases under consideration 
blood was found in the cerebrospinal fluid in 
significant quantities at initial puncture, but it was 
shown that subsequent clearance of blood proceeded 
very rapidly by natural means alone, being largely 
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completed within one week of injury. Repeated 
punctures did not appear to speed up this rate of 
clearance to an appreciable degree. 


5. The occurrence of delayed subarachnoid 


hemorrhage especially in relation to repeated 
punctures was briefly discussed. 


6. It was shown that whereas in mild or moderately 
severe head injuries the cerebrospinal fluid was 
frequently free from blood at initial puncture, when 
the injury was severe (post traumatic amnesia of 
over 24 hours) only 4 cases out of 53 were free from 
blood. 


7, When bleeding into the cerebrospinal fluid 
had taken place, there appeared to be little correla- 
tion between the cerebrospinal fluid pressure and 
the red cell count at initial puncture. 


8. The mental state at initial puncture was 
considered in relation to the cerebrospinal fluid 
pressure and red cell count ; it was shown that 
there appeared to be a fairly close relationship 
between the mental state and the latter factor. 


9. The importance of a_ raised cerebrospinal 
fluid pressure in such selected cases, the mechanisms 
which might give rise to a raised pressure, and the 
relation of traumatic subarachnoid hemorrhage 


to the mental state in acute head injuries were briefly 
discussed. 
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P. GLEES 


(From the Department of Human Anatomy, Oxford) 


(RECEIVED 23RD SEPTEMBER, 1943) 


THE following case is reported as a contribution to 
the records of comparative pathology. In the 
course of examining a brain of an apparently 
normal mangabey monkey (Cercocebus torquatus 
atys), deposits were observed in the globus pallidus 
of both sides accompanied by rarefactions of the 
surrounding nervous tissue. 

The monkey, O.M.487, a four year old male 
with a body-weight of 5,200 gms., had been main- 
tained on a normal diet for three years in this 
department. For 41 days before the animal was 
killed it received a daily injection of 100 y. of 
cestrone monobenzoate with a view to studying the 
influence of this substance on the reproductive tract. 
At autopsy none of the organs showed any abnor- 
mality, with the exception of some epithelial 
hyperplasia in the accessory sexual organs. The 
brain was prepared for a study of the normal 
histology of the basal ganglia of a monkey. 


Macroscopical and microscopical examination of the 
brain 


Macroscopically the membranes, vessels, and gross 
structure of the brain appeared to be normal. However, 
when slicing the brain, a gritty substance was detected 
in the region of the globus pallidus. Sections stained 
with toluidin blue or hematoxylin showed the following 
picture: The external and internal divisions of the globus 
pallidus of both sides are crowded with patches of 
deposits staining a deep blue. The individual deposits 
are very irregular in shape, reaching up to a diameter 
of 3 mm. No marked glial reaction around them is 
visible, nor is there any leucocytic infiltration. Occasion- 
ally the deposits are intimately related to blood vessels, 
embedded in the wall between the tunica media and 
tunica adventitia. In most cases, however, they are 
distributed in the ground substance of the nervous 
tissue. In their general distribution the deposits are 
confined to the anterior two-thirds of the globus pallidus, 
and they are not present in any other part of the brain. 
The nervous tissue of the globus pallidus shows distinct 
pathological changes. The nerve cells surrounding the 
deposits have undergone various amounts of destruction. 
Silversections show that the plexus of nerve fibres is 
less dense than in the normal globus pallidus, and many 
of the fibres show degenerative changes such as frag- 
mentation and irregular thickenings. The deposits were 
first thought to be entirely of a calcareous nature, but 
they were found to give a strong positive reaction for 
iron in preparations treated with hydrochloric acid and 
potassium ferrocyanide. In these preparations the 
substance of the globus pallidus itself also stains a more 
intense blue than normal. 
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Discussion 


SIDEROSIS OF THE GLOBUS PALLIDUS IN A MONKEY 


The presence of iron in the globus pallidus, 
varying considerably in amount in different mam- 
malian species, has been well established by histo- 
chemical reactions (Spatz, 1922), and under patho- 
logical conditions the content of iron may be 


greatly 


increased 


(Hurst, 


1926). 
(1919) stated that the presence of deposits (which 


Bielschowsky 


he assumed to be of calcareous nature) is fairly 


frequent in the globus pallidus of elderly people. 
Hurst (1926) showed in a careful analysis of a 
hundred brains with various pathological conditions 


Microphotograph of the globus pallidus stained with 
silver nitrate showing the deposits of iron and the 
surrounding areas of rarefaction of the nervous substance 


x 80. 
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that in 50 per cent. of cases the so-called calcifications 
of the vessels in the globus pallidus consisted mostly 
of iron. Bielschowsky described the deposit as 
occurring round larger vessels and also in the wall 
of capillaries. This vascular relation is also 
emphasized by Hurst (1934), who pointed out that 
the condition is at least as frequent as a senile 
change in horses as in man. In a survey of the 
pathology of the monkey, Fairbrother and Hurst 
(1932) mention the occasional occurrence of 
calcification combined with siderosis in the vessels 
of the basal ganglia. 

In the present case no evidence was found of any 
inflammatory condition which might have been 
associated with the siderosis. In contrast with 
Hurst’s observations, also, the main precipitations 
had no definite relation to blood vessels. On the 
contrary, the sections indicate that the deposits 
did not occur primarily in the vessel walls but in 
the nervous substance of the globus pallidus. This 
suggests that the condition may have arisen as the 
result of some metabolic dysfunction of the globus 
pallidus itself, leading to an increase above the nor- 
mal level of the iron content of this structure with 
a consequent precipitation, and that the deposits 
found in the walls of the vessels had been transported 
there from the surrounding tissue. 

The question naturally arises whether the siderosis 
in this monkey might have any relation to its 
treatment during life with injections of cestrone 
monobenzoate. This possibility deserves con- 
sideration since the frequent association of siderosis 
of the globus pallidus with senility suggests that it 
may ultimately be due to the effects of hormonal 
disturbances on metabolism. The extensive studies 
of Meyer (1936) have already shown that the globus 
pallidus is particularly vulnerable to derangements 
of metabolism produced by various poisons. 
In the present case the period of injection seemed 
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to have been too short to account for the massive 
changes which were found, but it is hoped to collect 
further material to inquire into the possibility of a 
hormonal basis for the condition observed. 

In spite of the extensive damage to the globus 
pallidus no abnormalities in behaviour in the monkey 
were noted. This is somewhat remarkable, for an 
equivalent amount of damage involving the globus 
pallidus in man would undoubtedly have led to a 
marked clinical picture. However, it is interesting 
to note that in three monkeys with large bilateral 
lesions of the globus pallidus Ranson and Berry 
(1941) observed no signs comparable with those 
of pallidal disease in man. Cogwheel resistance to 
passive movements and Parkinsonian tremor were 
absent, and choreiform and athetoid movements 
did not occur. Wilson (1914) made unilateral 
lesions of the globus pallidus of monkeys and kept 
them under observation for several weeks. He 
found that small lesions caused no symptoms and 
even when the destruction was extensive no tremor 
or involuntary movements were observed. 


Summary 


A case of marked siderosis in the globus pallidus 
of both sides is described in a monkey. In spite of 
severe bilateral pathological changes affecting the 
globus pallidus no disturbance of normal behaviour 
was observed in the monkey during life. 
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STUDIES IN DENERVATION 
A.—METHODS 


BY 


J. DOUPE, Winnipeg * 
(From the E.M.S. Hospital, Winwick, nr. Warrington) 


(RECEIVED 14TH OcTOBER, 1943) 


Introduction 


IT is proposed to report under the above general 
heading a number of investigations on patients 
with peripheral nerve lesions. The following titles 
indicate the nature of the papers. 

. Methods. 

. The Circulation in Denervated Digits. 

. Inflammation and Trophic Ulcers in 
Denervated Areas. 

. The Mechanism of Axonal Vasodilatation. 

Observations Concerning Adrenaline. 

The Circulation of the Skin of the Proximal 
Parts of the Limbs. 

. Sebaceous Secretion. 

. The Effect of Electrical Treatment on the 
Circulation and Recovery of Denervated 
Muscles. 

I. TheContractilityand Excitability of Denervated 
Muscle. 

The original intention of bringing these studies 
within the compass of one or two papers has been 
found impractical and for convenience of presenta- 
tion and of reference the work has been divided 
into sections. These sections will be found to be of 
unequal merit as some merely report incidental 
observations which have not been elaborated. 
Another disadvantage of this method of presenta- 
tion is that it leads to unnecessary repetition. This, 
however, has been obviated by the Editor who has 
kindly arranged to publish the papers seriatim. 
This grouping permits a single description of the 
patients and methods to suffice for the majority of 
these studies and allows of ready reference between 
papers. It is the purpose of the present paper to 
describe the methods and the subjects used in these 
investigations. 
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Methods 


The skin temperature of the finger pads has been 
used as an index of the peripheral circulation and 
recorded by multiple gauge 34 copper-constantan 
couples leading to a galvanometer permitting read- 
ings to within 0-1°C. The simplicity of this 
technique recommended it even though rapid 

* Working on behalf of the Medical Research Council. 
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changes are not observable. Moreover, the results 
are difficult to interpret in terms of actual blood 
flow due to a variety of factors such as sweating 
and the size of the digit affecting the cooling curve. 
However, for comparative purposes and especially 
for detecting the direction of a change of flow the 
method seems adequate. 

The hands were supported on a sand bag reaching 
to the proximal interphalangeal joints and_ the 
couples held in place by a narrow strip of adhesive 
plaster on the dorsum of the middle phalanx. At 
times a shield of white paper was put between the 
fingers if it appeared likely that there was any 
transference of heat from a warm to a cold digit. 
In the case of the feet there was less difficulty in 
ensuring equal opportunities for air circulation 
around the two extremities. The room temperature 
was measured by a thermocouple suspended several 
feet above the parts under observation. Air move- 
ment was not measured but it was probably high 
and variable though direct draughts were avoided. 
Temperatures were recorded at intervals of one to 
three minutes from two or more digits of both 
lower or both upper extremities. In the charts repro- 
duced only the results from representative digits are 
recorded and in most figures the time scale is too 
small to permit charting of individual measurements. 

In some instances thermometry was supplemented 
by plethysmographic records of the digits taken 
according to the method of Bolton et a/. (1936). In 
those records in which denervated and normal 
digits are compared the recording systems have the 
same sensitivity. 

Blood flow measurements by the displacement 
method of Hewlett and Zwaluwenburg (1909-10) 
were obtained using a water plethysmograph. 

Systolic blood pressure was measured in the 
digital arteries by slowly deflating a cuff 1-5 cm. 
wide on the proximal phalanx and determining the 
pressure at which pulsation first returned to the 
distal part of the digit. This pulsation was detected 
by the use of a plethysmograph and a sensitive 
tambour. 

During the period of observation the subjects, 
clothed in shorts, half reclined in a comfortable 








motic 
wise 

comf 
withi 


were 
mog! 
by il 
and | 


tion. 
into 
Lan 
bath 
here 
influ 
the 

var} 
and 
thet 


STUDIES IN DENERVATION—A 95 


chair and the limbs under investigation rested 
motioniess slightly below heart level. Unless other- 
wise indicated the patients come direct from a 
comforiable ward and temperature recording started 
within 10-15 minutes so that the initial temperatures 
were a sample of their usual state. Before plethys- 
mographic records were taken the parts were warmed 
by immersion in water at 38°C. for 15 minutes 
and the indifferent limbs were put in water at 44° C. 
’ Various measures were used to modify the circula- 
tion. Thermoregulatory mechanisms were brought 
into play according to the method of Gibbon and 
Landis (1932) by immersing the indifferent limbs in 
baths which were filled with water at 18° C. or 44° C. 
hereafter referred to as cold or hot. At times this 
influence was augmented by covering or uncovering 
the trunk with a blanket. It was also possible to 
vary the room temperature by opening a window 
and by the use of electric heaters directed so that 
there was no direct radiation on the subject. 

The local effect of moderate heat and moderate 
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Fic. 1.—Apparatus for intravenous injection 
of adrenaline, description in text. 


cold was investigated by removing the thermocouples 
and immersing the feet or hands in agitated water 
at 18-20° C. or 37-38° C. for 5-15 minutes. The 
parts were then gently dried and the couples replaced. 
This procedure took 2-3 minutes. 

The effects of more extreme heat and cold were 
Studied by the method of Lewis (1929-31). The 
couples were held in place under a loosely fitting 
surgical glove by two layers of adhesive strapping. 
The distal one-and-a-half phalanges were then 
immersed in a moving stream of hot water or in a 
bath of crushed ice and water stirred by compressed 
air. The temperature of the ungloved opposite 
hand was recorded as a control. 

Adrenaline was used in the strength of 1 in 500,000 


freshly prepared from a 1—1,000 stock solution and 
normal saline. It was injected intravenously by 
the use of the apparatus shown in Fig. 1. This 
could be easily dismantled for sterilization. The 
adrenaline solution was connected by pressure 
tubing with the inner barrel of a double barrelled 
adaptor which extended to the shaft of the intra- 
venous needle. This arrangement ensured that 
no large volume of saline was contaminated with 
adrenaline and so permitted the time relations of 
a period of injection to be accurately known. By 
the use of a three-way tap the adrenaline could be 
given either in brief periods by the use of a Ic.c. 
syringe or for longer periods by the drip method. 
The rate of flow could be varied by adjusting the 
upper tap, and it was measured by counting the 
drops per minute. The saline solution was con- 
nected to the outer barrel of the adaptor and ran 
continuously to prevent blocking of the needle. 
The solutions were at room temperature and a cold 
sensation in the arm gave some patients a clue as to 
when injections were being given. The adrenaline 
solution tended to deteriorate rapidly after the first 
hour (see paper E, Fig. 2). After this time a fresh 
solution was prepared and the contents of the con- 
necting tube washed out. 

Subjects —The subjects were all young male 
members of His Majesty’s Forces and these reports 
are a testament to their co-operation and endurance. 
For convenience they are listed in alphabetical order 
in Table I with the nature and site of their lesions 
along with the letter of the paper in which observa- 
tions on them are discussed. If the letter is followed 
by a number it indicates the figure in which their 
records are shown. Unless otherwise stated the 
nerve lesions were complete as verified at operation 
and were in all respects typical and there was no 
evidence of trauma to the large vessels. The 
approximate time after the nerve injury at which 
the observations were made is given in the table. 

A small group of patients with sympathectomies 
has also been available for study and details of 
these subjects are appended to Table I. The 
completeness of the operation was verified in each 
instance by a thermoregulatory sweat test using 
the chinizarin technique described by Guttmann 
(1940). The normal volunteers were members of 
the medical staff. 


Comment 

It is not profitable to attempt to summarize the 
results obtained in these investigations, but it may 
be helpful to indicate at the outset that they have 
little practical value in the treatment of peripheral 
nerve injuries. In general their chief significance 
appears to be that they demonstrate the ease with 
which physiological methods may be applied to 
the study of phenomena in the human. The fact 
that in some instances the particular juxta-position 
of the results has lead to conclusions at variance 
with those drawn by previous workers shows that 
in addition to ease of investigation even such a 
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TABLE I—PERIPHERAL NERVE LESIONS 



































. Nature of Time to Time to Paper and 
Subject Nerve Level Injury operation investigation figures 
R.A. L. Sciatic Thigh G.S.W. 5 months 4 months H 3,110 
C.B.* R. Sciatic Buttock G.S.W. 3 months 2 months B7,13 
J.B. L. Ulnar Wrist Cut 16 months 15 months B2 
R.B. L. Ulnar Elbow G.S.W. 6 months 8 months B2 
S.B. L. Brachial Trunks and ? traction 2 months 3 months B4, 11, 12,E 
plexus cords H 3,4 
T.B. R. Median Forearm Fracture 11 months 11 months B2 
H.D. R. Brachial Upper trunk | Traction None 5 months Fl 
plexus 
A.E. R. Ulnar Wrist Cut 2 months See Fig. 1, Bl 
Paper B | 
A.H. L. Sciatic Buttock G.S.W. 15 months 18 months B, C 3, 4, E9 
L.H. L. Median Forearm G.S.W. 4 months 4 months | B3 
Ulnar 
Radial 
A.l Digital nerves | Palm Cut 1 month 2 months | B2 
to R.F.3 | 
FJ R. Ulnar Elbow Cut 5 hours 3 months D 1-4, 1 13 
4 months 
H.J.t L. Ulnar Elbow Neuritis — — B 13 
A.K. L. Ulnar Upper arm G.S.W. 8 months 8 months | B2, 14,11,7 
B.K. L. Median Forearm G.S.W. 9 months 9months E6 
A.L. R. Ulnar Forearm Cut 2 months 30 months B 13 
A.M. R. Post. tibial | Lower leg Crushed at | 2 months E4 
operation 
J.M.* R. Ulnar Axilla G.S.W. 6 months 4 months |B2,C1,2,E 
T.M. R. Ext. Thigh G.S.W. 12 months 8 months 14 
popliteal 
SP. R. Post. tibial | Ankle G.S.W. 16 months 15 months | E4,5,7 
A.R. R. Brachial Trunks and Traction None 4 months | H3,4 
plexus cords 
B.R. L. Ext. Knee Traction 3 months | 5 months 15 
popliteal | | 
L.R. L. Median Upper arm G.S.W. | 7 months | 7 months | B2,12,E8 
Ulnar | 16, 11, 12 
N.R. R. Median Wrist Cut 7 months | 9 months B2 
S.R. R. Ulnar Forearm G.S.W 12 months | 14 months | 2 
LS. L. Sciatic Thigh G.S.W. 6 months Smonths | B2,:E2 
IN... L. Femoral Groin G.S.W. —_ 3 months | FI 
R.W. R. Sciatic Thigh G.S.W 7 months 6 months B 8,12, 7,9 
S.W. R. Median Wrist Cut See below 20 years |B 5, 14,E 1,3 


















Subject J.R.—R. Stellate Ganglionectomy performed 
by Mr. C. H. Cullen for hyperhydrosis marked on the 
right side of the face and less marked on the arm. 
Vascular responses normal before operation. Result— 
complete anhydrosis above T3. See paper B 8, 10, 12. 


Subject C.S.—Bilateral Lumbar Sympathectomy per- 
formed by Mr. C. H. Cullen for thrombo-angiitis 
obliterans. Nearly normal vasodilatation in left foot 
and slightly deficient in right foot before operation. 
Result—complete anhydrosis below L 4 and patchy in 
L 4. See paper B 8. 


restricted field as the limb presents fruitful oppor- 
tunities for research. It should also- be mentioned 
that these investigations have only been possible 
because as a result of the organization of the 
Emergency Medical Service a large group of sub- 
jects was available for study. 


It is a pleasure to acknowledge the great assistance 
given by all members of the staff of the Winwick Emer- 
gency Hospital and by the dispensary and the engineering 
department of the Winwick Mental Hospital. 

Grateful thanks are tendered to Mrs. Irmgard Watkins, 
formerly of the Department of Surgical Research of the 





* Lesions clinically complete but at operation some evidence of commencing regeneration. 
+ Nerve involved in scar tissue due to cubitus valgus. 













Subject S.S.—R. Stellate Ganglionectomy performed 
by Mr. C. H. Cullen for mild Raynaud's disease of two 
years’ duration in a man of 35 who had worked out of 
doors with compressed air tools for two years before 
the onset. Result—complete anhydrosis above T 3. 
See papers B 6, 9, E and F 1. 


Subject S.W.—R. Thoracic Sympathectomy _per- 
formed by Prof. Geoffrey Jefferson for a cold sensitive 
state of the right hand. Result—complete anhydrosis 
above T 4. See papers B 5, 14 and E 1, 3. 















University of Manchester for help in translating various 
languages, and to the librarians of the Royal Society of 
Medicine and the Manchester Medical Society for help 
in consulting the literature. 
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STUDIES IN DENERVATION 


B.—THE CIRCULATION IN DENERVATED DIGITS 


BY 
J. DOUPE * 


(From the E.M.S. Hospital, Winwick, nr. Warrington) 


(RECEIVED 14TH OCTOBER, 1943) 


In his address, The Relation of Physiology to 
Medicine, Lewis (1939) has suggested that one of 
the functions of a good hypothesis is to stimulate 
further investigations. Such an hypothesis was 
presented by Lewis and Pickering (1936) in an 
endeavour to explain why sympathectomized limbs 
stay warm while denervated digits become cold. 
The present paper, which was directly stimulated 
by their hypothesis, may be introduced by a brief 
survey of the literature to ascertain if any clues to 
an alternative explanation can be found. 

Previous to the work of Lewis and Pickering only 
Goltz (1874) seems to have been impressed by the 
paradoxical nature of the facts. He found that 
after sciatic nerve lesions in dogs the denervated 
limb was first warm but became cold in the course 
of two to four weeks. Claude Bernard, however, 
had shown that sympathectomy caused vasodilata- 
tion in the rabbit’s ear. To explain this Goltz 
conjectured that the initial vasodilatation in the 
limbs of his dogs and the vasodilatation in the 
rabbit’s ear might be due to traumatic excitation of 
sympathetic vasodilator fibres. He therefore de- 
signed the crucial experiment of stimulating the 
sciatic nerve and found that this produced vaso- 
dilatation. Bayliss (1901) was later to show that the 
result was due to anti-dromic impulses but Goltz, 
because of the unfortunate (but not uncommon) 
coincidence of a mistaken theory and a misinter- 
preted crucial experiment, was lead into the error 
of believing that the coldness of limbs following 
section of peripheral nerves was due to a paralysis 
of sympathetic vasodilator fibres. Nevertheless, 
despite the seventy years that have passed, ready 
assent may still be given to Goltz’s opinion of the 
problem for he states that it caused him much worry 
and many sleepless nights. 

Lewis and Pickering in their paper of 1936 
resolved the problem with Euclidian succinctness. 
They state “*. . . while loss of sympathetic supply 
Causes the corresponding fingers to be in general 
warmer than they otherwise would be, loss of all 
herve supply causes the corresponding fingers to be 
in general colder than they otherwise would be. 

* Working on behalf of the Medical Research Council. 
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And, since with combined loss of both motor and 
sympathetic supply the digits remain warm, it 
seems that the sensory nerve loss must be an im- 
portant factor in determining the persistent coldness 
in cases of mixed nerve lesions.”” They were also 
able to bring evidence as to the mechanism by 
which this factor operated. They showed that 
after peripheral nerve lesions the vasodilator axonal 
reflex induced by cooling disappeared at approxi- 
mately the same time as the digits became cold. 
This ‘** chief cause of the lowered skin temperature ” 
was, they believed, augmented by the increased 
tone of the vessels due to section of the sympathetic 
fibres and by the inactivity of the adjoining muscle. 
Somewhat prior to the publication of the above 
paper Grant ef al. (1931-3) and Grant (1935) 
reported a very full investigation of the effects of 
various types of denervation of the rabbit’s ear. 
Confirmation was given to the fundamental prin- 
ciple enunciated by Elliott (1905) that degenerative 
section of the sympathetic fibres causes the blood 
vessels to contract with greater irritability and 
persistence in the presence of adrenaline than does 
preganglionic section. That a similar hypersen- 
sitivity develops in the human has been established 
by Freeman, Smithwick and White (1934). Grant 
further extended his observations to include section 
of the sensory fibres supplying the ear and found 
that this did not alter the state of the circulation 
if degeneration of the sympathetic fibres had 
occurred. The blood flow to such an ear was 
found to be very variable, being diminished if the 
animal was excited or if the ear was exposed to a 
cool environment while at other times the vessels 
were almost fully dilated. Ascroft (1937) using the 
limbs of monkeys has confirmed most of Grant’s 
findings. Of particular interest is his reaffirmation 
of the fact that the results of lesions of mixed nerves 
do not differ, so far as the circulation is concerned, 
from those of degenerative lesions of the sympathetic 
fibres. Ascroft was particularly impressed by the 
hypersensitivity displayed by these preparations to 
the local vasoconstricting action of cold. Also 
pertinent is his finding that degeneration of the 
sensory fibres produced by excision of the posterior- 
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root ganglia was without apparent effect on the 
circulation of the limb. 

The above observations of Grant and Ascroft 
together with the finding of Fatherree et a/. (1940) 
that the digits of humans in cases of peripheral 
nerve lesions show a high degree of sensitivity to 
adrenaline suggest that the hypersensitivity produced 
by degeneration of the sympathetic fibres may be 
the cause in lesions of mixed nerves of the habitually 
cold fingers described by Lewis and Pickering. This 
explanation has been advanced by Atlas (1938) on 
the basis of adrenaline sensitization and is rendered 
the more probable if under the term sensitization 
is included the increased vasoconstriction to 
cold. 

Such an hypothesis does not solve the conundrum 
quoted above from Lewis and Pickering, i.e. the 
difference between the effects of sympathectomies 
and peripheral nerve lesions, but it will be noted 
that they did not distinguish between pre- and post- 
ganglionic sympathectomies. Thus their observa- 
tions on limbs with a motor palsy plus a 
sympathectomy are not pertinent as these were 
made on lower limbs and the sympathectomy being 
preganglionic did not produce degeneration of the 
peripheral sympathetic fibres. Nevertheless there 
is a general agreement that a stellate ganglionectomy 
in the human produces an habitually warm hand, 
and failure to do so has been ascribed to the vascular 
defect for which the operation was performed. 
Observations on individuals with normal vessels 
are scanty but Lewis and Pickering (1931-3) 
illustrate in their Fig. 4 a case in which the vessels 
were described as being normal and in whom a peri- 
arterial sympathectomy and a stellate ganglionectomy 
had been performed. This subject in a room at 
15° C. showed a persistent vasoconstriction in the 
digits of the operated limb during the 85 minutes 
of observation despite body warming and vaso- 
dilatation in the other hand. Lewis (1937-8) has 
referred to another case with normal vessels in 
whom a stellate ganglionectomy was performed to 
relieve retinitis pigmentosa and in whom the 
sympathectomized digits were colder than the normal 
digits when exposed to a cold environment. Con- 
versely Fig. 1 of Fatherree et a/. (1940) and Fig. 25 
of Duthie and Mackay (1940) demonstrate that the 
vessels of digits denervated by peripheral nerve 
lesions may be dilated. Such cases suggest that 
even in the human there is no profound difference 
between the effects of stellate ganglionectomy and 
peripheral nerve lesions and the evidence suggests 
that the loss of afferent fibres is of no vital con- 
sequence to the circulation. 

It seems logical therefore to enquire further into 
the assumption made by Lewis and Pickering 
(1936) that limbs subjected to stellate ganglionectomy 
and to peripheral nerve lesions differ only in that 
the latter have degeneration of the sensory fibres. 
This assumption may be criticized on two major 
counts. 

1. Evidence is lacking that a stellate ganglio- 
nectomy causes a complete degeneration of all the 


sympathetic fibres to the extremity, though White 
et al. (1936) and Fatherree et al. (1940) are of the 
opinion that this is predominantly the case. Lewis 
and Landis (1929-31) showed by the pilomotor 
response to local faradism that the operation left 
intact the post-ganglionic fibres to the pilomotor 
muscles over the lateral aspect of the shoulder and 
upper part of the arm. That the negative results 
obtained elsewhere in the extremity can be inter- 
preted as proving the complete absence of post- 
ganglionic fibres in zeneral and to blood vessels 
in particular is doubtful and Guttmann’s (1940) 
observations on subjects with excision of the middle 
and superior cervical ganglia indicate that the area 
described by Lewis and Landis is only the autono- 
mous zone of supply of the upper ganglia. Foerster, 
who has observed vasoconstriction in the limb 
produced by stimulation of the middle cervical 
ganglion (1935), has also shown that C.6 is dis- 
tributed to the skin as far as the mid-axial line of the 
limb (1933). This together with the demonstration 
by Kuntz (1927) of grey rami from the middle 
cervical ganglion to C.5 and C.6 and occasionally 
to C.4 and to C.7 serves as an anatomical basis for 
the persistence after excision of the stellate ganglion 
of some post-ganglionic fibres to the limb with a 
more extensive distribution than that indicated by 
Lewis and Landis. The density of these persistent 
fibres is no doubt small but their effect in opposing 
the vasoconstricting action of local cold may be 
disproportionately large. 

In this connection it may be noted that Grant 
et al. (1931-3) were able to ensure by histological 
examination that complete degeneration of the 
sympathetic fibres had occurred, and that Ascroft 
(1937) found it necessary to excise the middle 
cervical ganglion as well as the fused first thoracic 
and inferior cervical ganglia to produce complete 
degeneration of the post-ganglionic fibres to the 
upper limbs of monkeys. 

2. Another difference that exists between stellate 
ganglionectomies and peripheral nerve lesions is 
that in the former the whole of the vascular tree 
of the limb has been decentralized, while in the 
latter most of the nervous connections of the main 
arteries and of the peripheral vascular bed adjacent 
to the denervated area have been preserved. That 
this consideration is of importance has _ been 
indicated by the observation of Lewis (1929-31a) 
that vasoconstriction induced in the arteries of the 
forearm and palm by local cooling inhibits a 
hyperemic response in the digits, while Hertzman 
and Dillon (1940) have shown that the radial 
artery is subject to vasoconstriction in certain 
reflex adjustments. Moreover, Lewis and Pickering 
(1931-3) have alluded to the effect of the tempera- 
ture of one part of the hand on the temperature 
and hence on the vessels of adjacent parts. The 
persistence of a vasoconstricting mechanism in 
part of the hand and in the proximal vessels would 
therefore provide opportunities for cooling of 
denervated digits which are not present in the 
sympathectomized limb. 
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There is also a third difference depending on the 
yse of the limb. Lewis and Pickering (1936) have 
shown that limbs normal except for muscular 
paralysis tend to be colder than normal. This 
factor, especially in lesions of more than one nerve, 
may well play a part in augmenting the causes of 
vasoconstriction. 

Results will be reported in this paper tending to 
substantiate the objections implied in the above 
discussion to the deductions of Lewis and Pickering 
(1936). It will be shown first that it is insufficient 
for deductive purposes to describe the fingers 
denervated by lesions of the peripheral nerves as 
being generally cold, and secondly that the results 
of peripheral nerve section are not dissimilar to 
those produced by some stellate ganglionectomies, 
and that such dissimilarities as do exist are attribut- 
able to the extra facilities for cooling in peripheral 
nerve lesions. Evidence will also be given that the 
blood flow to denervated digits is adequate to their 
metabolic needs. 
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The methods used and the subjects studied are 
described in paper A. 


Results 


General Behaviour of the Circulation of Denervated 
Digits 

On questioning patients with lesions of the ulnar 
or median nerves, they almost invariably state that 
the affected fingers are persistently cold. Cursory 
examination usually confirms this statement, but 
fuller investigation shows that no such simple state 
of affairs exists. This is demonstrated in a series 
of charts shown in Fig. 1. These were obtained 
from subject A.E., who incurred an incised wound 
of the right ulnar nerve in the forearm above the 
dorsal branch 13 days before coming under observa- 
tion. At that time he stated that the right fifth 
finger had been persistently warm since the injury. 
The finger remained warm till about the 17th day, 
when it tended to become cold if moved about in 
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Fic. 1.—Temperature charts of subject A.E. obtained on the days indicated after section of the right ulnar nerve. 
In this and the succeeding figures the following conventions were used. Abscisse are time in minutes. Ordinates 
are temperature in degrees centigrade. Continuous line is the temperature of a denervated digit. Broken line is the 
temperature of a normal digit. Broken line with dots is the room temperature. Dotted line, when present, is tem- 
perature of an additional digit. Lower line of blocks if filled indicates indifferent limbs in water at 18° C., if empty, 
in water at 44°C. Upper line of blocks if filled indicates extremities under observation in water at 18-20° C., if 
empty, in water at 38° C. Blocks with oblique hatching show rate of intravenous injection of adrenaline if given. 
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cold air, it being first noted when playing billiards 
inacoolroom. At this time it was also found that 
the finger blood flow was very susceptible to local 
changes in temperature as seen in Exp. 4 and 5, 
in which the hands were immersed in water at 38° C. 
and at 18°C. This state persisted till the 52nd 
day when the nerve was sutured. Exp. 11 shows 
the condition 225 days after suture when the only 
clinical evidence of recovery was a return of the 
appreciation of heavy pressure to the tip of the 
little finger. At this time the patient stated that 
the finger was still persistently cold, but it is clear 
that some nervous control of vasodilatation and 
vasoconstriction had returned along with a greater 
immunity to the effects of local temperature 
changes. 

The course of the vascular changes as described 
and illustrated in this patient is typical of that of 
most lesions of the main nerves of the limbs. In 
the case of sciatic nerve lesions there is little con- 
sistency in the statements of the patients in regard 
to the usual temperature of the toes and not infre- 
quently these are warm when first examined. This, 
however, is related to the protection of the clothing 
and no clear distinction can be made between the 
general behaviour of the circulation of the foot 
and the hand affer lesions of the main nerves. 

Through lack of subjects the transition at about 
the third week from the initial persistent warmness 
to a tendency to coldness has only been observed in 
one other patient, but similar experiences have been 
reported by Lewis and Pickering (1936). These 
authors were impressed by the coincident loss of 
the vasodilator axonal reflex, and attempted to 
correlate the phenomena. However, Freeman et al. 
(1934) have shown in the human, supplementing 
numerous other investigations on animals, that 
degenerative section of the sympathetic fibres also 
leads to an increased responsiveness of the vessels 
at this time. It is evident, therefore, that the time 
relations permit the change in circulation to be 
related to the degeneration of either the sensory or 
the sympathetic fibres. 

It will be noted in Fig. 1 that the behaviour of 
the circulation of the denervated digits after the 
third week is errant and is only partially described 
by the statement that there is a tendency to coldness. 
In Exps. 5, 7, and 10 there was a vasodilatation 
when the feet were put in hot water while in Exp. 7 
when the feet were put in cold water there was also 
a vasodilatation. There was, moreover, in addition 
to a susceptibility to the vasoconstricting action 
of local cold, also a susceptibility to the vaso- 
dilating action of local warmth (Exp. 5 and 7). 
Thus the circulation of denervated digits is modified 
both by local changes in temperature and by more 
remote stimuli applied to the body. These will be 
considered separately. : 


Mechanism of the Action of Remote Stimuli 


The nature of the problem is indicated by the 
vagaries of behaviour referred to above. These 
appear to be due to complex causes for ostensibly 


similar stimuli may produce either an increase or g 
decrease in blood flow and the time relations to the 
stimulus are variable, the reaction occurring some. 
times immediately and at other times not for 15 
to 20 minutes. Both phases of this double type of 
response are seen in Fig. 1, Exp. 7. Here immersion 
of the feet in hot water produced an immediate 
increase in blood flow, which was followed 2 
minutes later by a further increase coincident with 
the reflex vasodilatation in the normally innervateg 
fingers. 

In the course of these experiments it was found 
necessary, if it was desired to maintain a fairly 
high blood flow in the denervated digit in the 
presence of a low room temperature, to have the 
subject warm. It may be noted that Lewis and 
Pickering (1936) did not make this observation, so 
failed to find that denervated digits could stay warm. 
The experiments charted in Fig. 2 illustrate some of 
the results bearing on this point. In subjects J.M., 
J.B., and L.S. (Exp. 2), it was found that immersion 
of the extremities in water at 38°C. for 5-10 
minutes did not result in a stable state of vaso- 
dilatation until the subjects were warm as indicated 
by vasodilatation in the normally innervated digits. 
In subjects S.R., N.R., A.I., and R.B., vasodilatation 
did persist in the cold state, but this was in- 
creased after the feet were put in hot water. Subject 
L.R.,. was an exception in that maximal vaso- 
dilatation was produced when cold, but he was also 
exceptional in having a lesion of both ulnar and 
median nerves. The reverse phenomenon, that is 
a vasoconstriction when the body is cooled, was 
observed in subjects J.M., J.B., N.R., L.R., and 
L.S. (Exps. 1 and 2). Subject A.K., was almost 
unique in the failure of the combination of local and 
general warmth to produce a lasting vasodilatation. 
It is of interest to note that Grant (1935) found in 
his large series of rabbits with sympathectomized 
ears several similar examples of failure to maintain 
a vasodilatation after local warming. The explana- 
tion is not apparent. 

These experiments lent themselves to the inter- 
pretation that the state of the remainder of the 
circulation of the limb had a definite influence on 
that of the denervated digit and was probably 
instrumental in producing some of the remote 
effects now under consideration. 

It was thought that cases with lesions involving 
the nerve supply of the limbs to different degrees 
might furnish material to support this supposition. 
In Fig. 2 (Subject A.I.) is shown the temperature 
record, obtained from a patient suffering from 
denervation of a single digit, in Fig. 3 records from 
subject L.H., with denervation of the whole hand, 
and in Fig. 4 records from subject S.B., with 
denervation of the whole arm. In subject A.I. 
marked consensual responses were present and these 
also occurred in lesser degree in subject L.H. 
Subject S.B. showed only the slightest indication of 
such responses. This evidence while corroborative 
is far from satisfactory because of the great 
individual differences that have been encountered 
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and S.R. severe pain was induced at the times indicated by strong faradism applied to the legs for 1 min. 


in apparently similar cases and also because some- 
what similar responses have been encountered in 
sympathectomized limbs Moreover, this conclusion 
that the intact vasomotor innervation of the limbs 
influences the circulation in the denervated digits 
is Open to the objection that evidence of such an 
influence was lacking in subject A.E. during the 
first two weeks following the nerve lesion (Fig. 1, 
Exps. 1 and2). The appearance of responses in the 
denervated finger at the same time as denervation 


sensitivity is beginning to be manifest suggests that 
they may be due to hormonal influences. It may 
also be noted that not all the phenomena are ex- 
plained by the vasomotor hypothesis, as, for instance, 
when the feet are immersed in hot water the 
immediate vasodilatation produced in the denervated 
digit usually has no counterpart in the normally 
innervated digits. 

This suggests the necessity to hypothecate an ° 
hormonal factor. Also supporting the hormonal 
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explanation of some of these changes in the cir- 
culation of denervated digits is the vasoconstriction 
caused by severe pain (Fig. 2, subjects S.R. and L.R.), 
which is much more prolonged than in the normal 
digits and resembles the response to intravenous 
adrenaline (Fig. 2, subject L.S. (Exp. 2)). 

It was also thought possible that some of these 
changes might be explicable on the basis of the 
liberation of a histamine-like substance from the 
limbs immersed in hot water. Lewis and Pickering 
(1936) have shown that the vessels of denervated 
digits are readily affected by histamine, while 
Tinel and Ungar (1935) consider that immersion 
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of a cat’s foot in water at 50° C. for 2 min. released 
histamine. Evidence on this point was obtained 
by the approach of Kalk (1929), who demonstrated 
the release of such a substance in cases of urticaria 
factitia, using the gastric mucosa as indicator. 
Accordingly a fasting normal subject was intubated 
and the gastric contents were aspirated at 10- 
minute intervals for 90 minutes. At 20 minutes 
the legs were immersed in water at 46° C. for 30 
minutes. This was very painful and caused a 
marked tender erythema. No free H.Cl. was 
secreted throughout the period. Histamine phos- 
phate 0:5 c.c. of a 1-1,000 solution given sub- 
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Fic. 3.—Temperature charts of subject L.H. Conventions as in Fig. 1. 


cutaneously on another occasion caused jn 0 
minutes a marked secretion of H.Cl. It was 
concluded that immersion of the limbs in hot wate; 
as practised in this investigation did not cause q 
significant rise in the concentration of histamine-like 
substances in the blood and that this was probably 
not the cause of the variations in digital blood flow, 

To determine whether the hormonal or the vaso. 
motor explanation of the changes in circulation 
was correct the following case was available. 
Subject S.W. had a clinically complete lesion of the 
right median nerve of 20 years’ standing and also 
a circulatory disorder of the same hand of 9 months’ 
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Systolic B.P. obtained from L.F.3. 


duration following exposure to cold. He stated 
that for the past 20 years the right 2nd and 3rd 
digits had been colder than the rest of the hand, but 
his immediate disability was swelling and stiffness 
of the whole hand when exposed to cold. So far 
as could be ascertained the denervated fingers were 
affected in a. similar manner to the others. A 
preganglionic sympathectomy was performed with 
complete relief of these complaints. In Fig. 5 
are illustrated some of the results obtained before 
operation (Exps. 1, 2, 3, and 4), three weeks after 
operation (Exps. 5, 6, 7, and 8) and 6 months after 
operation (Exps. 9, 10, and 11). 
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Fic. 4.—Temperature charts of subject S.B. Conventions as in Fig. 1. 
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Fic. 5.—Temperature charts of subject S.W. Conventions as in Fig. 1. 


Exps. | and 2 show that vasomotor reactions were 
normal in the digits not affected by the median 
nerve lesion, while the right index finger behaved 
in a manner typical of a denervated digit, that is, 
it tended to be cold until warmed and then remained 
warm. It also responded to remote influences 
undergoing a vasoconstriction when the feet were 
put into cold water. Exp. 3 shows that R.F.2 was 
hypersensitive to adrenaline compared to R.F.5 
and L.F.2 both of which had the same sensitivity. 
Exp. 4 is included to show the effect of block of 
the right stellate ganglion which caused a satis- 
factory rise in blood flow in the 5th digit, but had 
no effect on the 2nd digit. This lack of effect is of 
little significance considering the initial cold state 
of the finger which would offset any tendency to 
vasodilatation. Exps. 5, 6, and 7 done three 
weeks after preganglionectomy show by the high 
constant temperature of R.F.5 that all the vaso- 
motor fibres had been completely interrupted. 
The 2nd digit, however, showed in comparison to 
the pre-operative state a diminished circulation 
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and a greater tendency to cooling, which was only 
combatted by keeping the room temperature above 
22°C. These experiments also show that putting 
the feet in cold water either checked the fall in 
temperature of the finger or caused it to rise. 
Unfortunately no blood pressures were taken, but 
from analogy to those recorded in Exp. 9, it seems 
that the changes in finger temperature might have 
been due to variations in blood pressure. The poor 
maintenance of an increased blood flow at this time 
was probably associated with the general debilitated 
state of the patient. He was apyrexial, but felt 
** knocked about ” by the operation. The evidence 
does not permit a judgment as to whether this 
decreased flow was caused by a low blood pressure, 
to the circulation of some vasoconstricting agent, 
or to some change in the tissue metabolism, but it 
is to be noted that once more Grant (1935) has 
encountered the same phenomenon in sympathecto- 
mized rabbit’s ears in similar circumstances. 

Six months after operation the: patient was very 
fit and reported that the whole of the right hand 
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was persistently warmer than the left although 
exposed to all the trials of a hand of a dispatch 
rider in the winter. Exps. 9, 10, and 11 demonstrate 
the truth of this statement and substantiate the 
observations of Atlas (1941) on a somewhat 
similar case. These experiments indicate that a 
persistently high blood flow was now the usual 
condition in the index finger and that even after 
immersion of the hands in water at 18°C. for 10 
minutes the denervated finger tended to become 
warm. This is a striking contrast to the behaviour 
not only of the samé finger before operation, but 
also. to that of most of the other denervated digits 
which have been examined. This difference must 
be ascribed to the section of the vasomotor nerves 
to the limb and therefore confirms the assumption 
made above that the intact vasomotor nerves in 
cases with peripheral nerve lesions influence the 
circulation of the denervated digits. 

There is, however, good evidence in Fig. 5, Exp. 9, 
that hormonal influences also play a part in causing 
variations in the circulation. The definite vaso- 
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sensitivity to adrenaline now existed in the little 
finger and only a slight indication of this was found 
in the index (Fig. 6, Exp. 2). These results were 
interpreted as indicating that the operation had 
produced a preganglic sympathectomy of the index 
and a ganglionic sympathectomy of the little finger, 
The anatomical basis for this conclusion has been 
referred to in the introductory discussion. 

Two other inferences may be drawn from this case. 

(1) The similarity of the circulatory status of 
the post-ganglionectomized digit having intact 
afferent fibres (subject S.S.) and of that of the com- 
pletely denervated digit (subject S.W.), both limbs 
having the remainder of their vasomotor innervation 
decentralized, indicates that the presence of intact 
afferent fibres is of little consequence to the digital 
circulation under the conditions of these experiments, 

(2) The variations in blood flow in a sensitized 
digit of a sympathectomized limb indicate an 
hormonal causation of these changes. It is pre- 


sumed that this hormone is adrenaline and further 
evidence on this point is given in paper E. 
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Fic. 6.—Temperature charts of subject S.S. Conventions as in Fig. 1, except that continuous line represents a 
sympathectomized digit. 


constriction occurring particularly in R.F.2 in the 
face of a raised blood pressure while the feet were 
in cold water can only be due to a change in the 
composition of the blood. It may be noted that 
the prompt relaxation of this constriction when the 
feet were returned to hot water rules out the pos- 
sibility that these changes were caused by variations 
in blood temperature. 

It is of interest to compare the records of subject 
S.W., Fig. 5, with those of subject S.S., Fig. 6, in 
whom a stellate ganglionectomy was performed for 
mild Raynaud’s disease, which affected equally 
all the digits of both hands with the exception of 
the thumbs. Exp. 1 shows that before operation 
no abnormality was demonstrated in the responses 
to warming the body, immersion of the hands in 
cold water nor to the injection of adrenaline. 
Three months after operation the right index finger 
was persistently warm, but the little finger was 
hypersensitive to the local vasoconstricting action 
of cool water and also showed a slight vasodilatation 
when the feet were put in hot water and a vaso- 
constriction when taken out of hot water (Fig. 6, 
Exp. 3). It was also possible to show that a hyper- 


The influence of blood pressure changes on the 
blood flow of denervated digits has been referred 
to above. In Fig. 3 and in Fig. 5, Exp. 9, are 
plotted the systolic blood pressure changes associated 
with immersion of the feet in hot and cold water, 
as recorded from the digital arteries. Little 
reflexion of these changes is seen in the finger 
temperatures, except the transitory rise in the blood 
flow to R.F.2 in Fig. 5, Exp. 9. It has been shown 
previously, that a marked rise in digital blood pres- 
sure is caused by a peripheral vasoconstriction 
(Doupe ef al., 1939). In hands that have lost 
only a part of their vasomotor fibres, i.e. ulnar or 
median nerve injuries, the changes in blood pressure 
might be expected therefore to be greater than those 
reported here and might well account for the varia- 
tions in finger temperature not otherwise explained. 
These are usually minor in degree (Fig. 1, Exp. 1), 
but on occasion major changes in blood flow seem 
to be determined by this factor. Thus in Fig. 1, 
Exp. 7, and in Fig. 2, subject T.B., the terminal 
rise in temperature of the denervated finger may well 
have been due to a rise in blood pressure shifting 
the balance in favour of vasodilatation. There is a 
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possibil y that some of the phenomena here ascribed 
toa rise in blood pressure may be due to the release 
of a vasodilating agent, as the work of Bender (1938) 
has shown that a cholinergic substance may at 
times be present in the circulation. 

Plethysmographic records have substantiated 
these findings so far as hormonal and blood pressure 
effects are concerned, but they provide no clear 
evidence of the remote influence of vasomotor 
nerves. 
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S.R., while in the three successive experiments on 
subject L.H., Fig. 3, vasodilatation occurred more 
readily the higher the room temperature. In Fig. 7 
are shown the results obtained from a subject (C.B.) 
with a sciatic nerve lesion who showed a rather 
exceptional tendency to vasoconstriction. The 
denervated toe failed to maintain a vasodilatation 
at a room temperature of 16° C., and the fall of toe 
temperature was not interrupted by body warming. 


However, a gradual rise of room temperature from 
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Fic. 7.—Temperature charts of subject C.B. Conventions as in Fig. 1. 


In the foregoing, illustrations of the reactions of 
the circulation of denervated digits in response to 


‘cooling and warming the body and to other stimuli 


have been given. These have been explained as 
being due to (a) the action of vasomotor fibres still 
supplying the limb ; (6) variations in the amount 
of circulating adrenaline; and (c) variation in local 
and general blood pressure. In cases with only 
part of the limb denervated no precise distinction 
between the effects of vasomotor and hormonal 
influences has been possible. 


Effect of Local Temperature on Blood Flow 


Evidence indicative of the vasoconstricting effect 
of low room temperatures is given in Fig. 2, subject 


18° to 23°C., produced at about 22°C. a vaso- 
dilatation in the denervated toe. It has also been 
shown above that if the remainder of the blood 
vessels of the limb be in a state of vasodilatation 
either through reflex inhibition of constriction 
(Fig. 2, J.B.) or by severance of all the sympathetic 
nerves as in a brachial plexus lesion (Fig. 4) the 
digital vessels will resist even the vasoconstricting 
influence of a room temperature of 14°C. This 
behaviour,. reminiscent of that of sympathectomized 
limbs, suggested that a further experimental com- 
parison should be made of the effects of local 
temperature changes on the circulation of denervated 
and sympathectomized digits. 

Reference may be made to Fig. 5, Exp. 11, to 
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Fic. 8.—Temperature charts of different subjects. 


Conventions as in Fig. 1, except that in the case of C.S. and J.R. 


the continuous line represents a sympathectomized digit and in C.S. the broken line also represents a sympathectomized 


digit. 


Cross hatched block indicates time of immersion of limbs in water at 6° C. 
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show that immersion of the hand in water at 18° C. 
for ten minutes produced a vasoconstriction in a 
digit with a peripheral nerve lesion but had little 
effect, as judged by the prompt warming, on the 
finger with a preganglionic sympathectomy. Fig. 8 
shows that similar immersion of the foot did not 
cause a vasoconstriction in the preganglionectomized 
lower extremity (subject C.S.) while it did produce 
a vasoconstriction in the completely denervated foot 
(subject R.W.). Experiments 1 and 2 on subject 
J.R. (Fig. 8) show that in a limb, normal except for 
a stellate ganglionectomy done three months before, 
such immersion produced a vasoconstriction which 
tended to persist, similar to that in digits with a 
complete denervation. It is concluded therefore 
that complete denervation and sympathetic degenera- 
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absence of response is not due to the cold seisitiye 
state of the denervated vessels has been shown by 
Lewis and Pickering (1936) and is further supporteq 
by observations on subject S.S., who as a result of a 
stellate ganglionectomy was left with the little 
finger hypersensitive to the vasoconstricting action 
of cold and the index not hypersensitive (see Fig, 6, 
Exp. 3). In Fig. 9, subject S.S., it is apparent that 
the vasodilator responses in these digits were 
similar, and further that the same type of phasic 
vasodilatation occurred in response to extreme heat. 
This phasic response to extreme heat is present in 
the normal fingers, but is difficult to demonstrate, 
It is absent from the denervated digits (subject A.1,), 
It should be noted that the site at which the digital 
temperatures were taken was insulated from the 
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Fic. 9.—Temperature charts of different subjects. 
represents a sympathectomized digit. 


Conventions as in Fig. 1, except that in S.S. continuous line 
Hands in rubber gloves and distal two phalanges immersed in water bath the 


temperature of which is indicated by a heavy continuous line. 


tion produce a similar hypersensitive state in the 
digital vessels to the vasoconstricting action of 
moderate cold. 

This similarity between the effects of a peripheral 
nerve lesion and sympathetic ganglionectomy does 
not hold for low temperatures. Thus in Fig. 8. 
subject J.R., Exp. 2, immersion of a ganglionecto- 
mized hand in water at 6° C. for five minutes pro- 
duced a vasodilatation, while fifteen minutes at 
6° C. had no vasodilator effect on a completely 
denervated foot (subject R.W.). 

Further examples of this difference in reaction 
to low temperatures, which was described by Lewis 
(1929-315), are given in Fig. 9, subject $.R., which 
shows the absence of a response to water at 0° C. 
of a denervated digit while a response was present 
in a normal digit of the same hand. That this 


heat more effectively than the remainder of the 
digit, and so no deduction is possible as to the 
temperature at which the phasic response is initiated. 
Lewis and Love (1926) have shown that axonal 
vasodilatation first appears when the surface 
temperature is kept at 43-44° C. and the present 
observations are consistent with this figure. 

In order to determine the temperature range over 
which the sympathectomized and the denervated 
digits react similarly a series of blood flow deter- 
minations were made while the temperature of the 
water in the plethysmograph was lowered. For 
this purpose subject J.R., with a right stellate 
ganglionectomy of six months’ duration but an 
otherwise normal limb, was compared to subject 
L.R., with a lesion of the ulnar and median nerves 
in the upper arm and subject S.B., with a complete 
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Blood flow was measured 


chia! plexus lesion. 
with the hand in a water plethysmograph and the 
temperature of the index finger was taken by a 
thermocouple placed under a rubber finger stall. 
The temperature of the water was lowered in steps, 
20-30 minutes being allowed after each change to 
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on subject S.B., and it will be noted that no increase 
of flow occurred at low temperatures nor did a 
difference in finger and water temperature develop. 
In Fig. 12 it will be seen that in all three subjects 
the blood flow reached a minimum at about 
16-18° C. By lowering the temperature still further 





























——Time Se == 
rel 2 Ph “ee 60 é 

ig tonp vier | 160 ¥ 
: hacen ae aust 3 
% R. Hind 7 : j é 
i Fam el a Ted a —— —- = ; = RS = 5 ane oo ee = ae = — 3 
4 TampLF2 65 eee 35) |295,) 2657 as $ | 163 , 102 Bars ie 2 
haa i 320 oe 280, 250; 21-0 re 16-0 er loo ¢ 50. sf 4 3 
ae | é f fo Nein? 

i | neg ee | ee ZK Fle 
ae ee i a Ar \ Ire Se A Dea 





Fics. 10 and 11.—Plethysmographic records (x '/,) of subjects J.R. and S.B. showing rate of increase of hand volume 


at different bath temperatures when venous outflow was impeded by a cuff on the wrist. 


The temperatures of the tip 


of the index finger and of the water bath have been inserted. Time in 1-sec. and 10-secs. intervals. 


permit an equilibrium to be established, as indicated 
by a steady finger temperature. Fig. 10 shows 
typical blood flow curves on subject J.R. The 
actual estimations of blood flow at the faster rate 
were made on paper travelling at 10 times the speed 
of that shown. It will be noted that the divergence 
of the finger temperature and the water temperature 
was large at intermediate temperatures and again 
at low temperatures. Fig. 11 shows similar curves 


no change occurred in the completely denervated 
hand (S.B.), a very slight rise occurred in the hand 
with innervation of the thumb area (L.R.), while a 
large rise occurred in the ganglionectomized hand 
with the afferent fibres intact (J.R.). 

This method of investigation was adopted from 
Freeman (1935) who, in a study of human stellate 
ganglionectomies, obtained similar results at tem- 
peratures above 20° C., while Freeman and Zeller 
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Fic. 12.—Chart of measurements of blood of the hands of 3 subjects at different temperatures. 
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(1937) extended the observations on dogs, noting 
that below a temperature of 14°C. evidence of 
injury occurred. In restricting their procedures to 
temperatures above this they found that a limb with 
a chronic sciatic nerve lesion in addition to a 
sympathectomy behaved in a manner similar to 
those with only a sympathectomy. 

It is apparent that the above results are all con- 
sistent in indicating that at tissue temperatures 
above 16-18° C. the presence or absence of vaso- 
dilator axonal reflexes is immaterial to the cir- 
culation, while at temperatures below this the 
presence of such reflexes increases the circulation. 
This conclusion is also consistent with the observa- 
tions of Lewis (1929-31) who found no clear evidence 
that the vasodilator reflex was activated at tempera- 
tures above 15°C., though occasionally such a 
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in the affected digits. Examination of such patients 
shows that to some extent this is a subjective observa. 
tion as the finger may be as warm as the others, 
though they stili describe it as feeling cold. In such 
cases Lewis and Pickering (1936) noted that there 
was some delay in warming of the fingers after 
immersion in water at 7° C., despite the presence 
of normal axonal vasodilatation, and were unable 
to reconcile the observations with their hypothesis, 

Three subjects have been tested in this series, 
Subject A.E. (Fig. 1), 225 days after suture of the 
ulnar nerve showed a delayed response to warming 
and cooling the body. Subject H.J. (Fig. 13) with 
an incomplete lesion of the left ulnar nerve from an 
old-standing valgus deformity of the elbow showed 
a definite tendency of the affected Sth finger to be 
colder than the others, and, as might be expected, 
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Fic. 13.—Temperature charts of subjects H.J. and A.L. Conventions as in Fig. 1, except continuous lines represent 
incompletely denervated digits. 


response was noted at 18°C. Therefore, before 
these reflexes are activated the tissues must be 
cooled to this degree. It is obvious that if a limb 
remains persistently warm, as is the common state 
of sympathectomized limbs, it is not due to the 
presence of these reflexes. It is also obvious that 
if a digit remains at a temperature at 17 to 20° C., 
as is the common state of denervated digits (Fig. 2), 
it is not due to the absence of these reflexes. 

The experiments so far reported show, under the 
controlled conditions of the laboratory in which 
the limbs are kept motionless and a similar exposure 
to the air maintained, that the totally denervated 
digits are similar in their vascular reactions to digits 
with degeneration of their sympathetic fibres, 
provided only that they are not cooled beyond 15° C. 
Denervated digits are, however, depending on the 
extent of the denervation, influenced directly or 
indirectly by the intact vasoconstrictor innervation 
of the limb and so are more subject to the cooling 
power of the environment. Under conditions of 
daily life other factors, such as disuse, as described 
by Lewis and Pickering (1936) and the lack of 
appreciation of cold and of the consequent active 
measures to combat it afford additional reasons for 
the greater tendency of denervated digits to be cold. 


Incomplete Nerve Lesion 


Subjects with incomplete nerve lesions or during 
the stage of recovery usually complain of coldness 


this was most noticeable when the normal fingers 
were at intermediate temperatures (Fig. 13, Exp. 1). 
In the same experiment the affected finger showed a 
slight sensitivity to the vasoconstricting action of 
local cold, while in Exp. 2 it showed some hyper- 
sensitivity to adrenaline. In subject A.L. (Fig. 13) 
the observations were made two years after suture 
of the ulnar nerve in the mid forearm. At this 
time patchy sweating was present on the fifth finger 
and pressure pain was present in the tip of the digit. 
An increased sensitivity to adrenaline was demon- 
strated but otherwise no obvious abnormality was 
found except a slight defect in neurogenic vaso- 
constriction. This subject, however, was not 
examined in the state of partial vasodilatation. 

The above observations indicate that in subjects 
with partial sympathetic innervation of their digital 
vessels a hypersensitivity to moderate cold and to 
adrenaline may be present. This produces some 
retardation of vasodilatation and when the sym- 
pathetic vasoconstrictor fibres are in a state of 
intermediate tone the affected fingers are likely to 
be colder than those digits which have a normal 
innervation. 


Reactive Hyperemia 

Lewis and Grant (1924) have shown by noticing 
the flush following release of arterial occlusion that 
reactive hyperemia occurs in digits denervated by 
peripheral nerve section. Goldblatt (1926) has 
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shown in animals that the response is independent 
of the nervous system, while Grant and Bland 


(1929-31) have indicated that arteriovenous 
anastomoses are among the vessels involved in the 
dilatation. 


Examples of these truths have been readily 
obtained. Two subjects S.W. and A.K. were 
chosen in whom unique difficulty was experienced 
in inducing a steady state of vasodilatation in the 
denervated digits. Fig. 14 shows an absence of 
response to 30 min. arterial occlusion of the digital 
circulation if the digits were maintained at 18° C. 
for this period. However, when the hands were 
immersed in water at 38°C. for 15 minutes and 
then, so as to permit comparison with the previous 
response, immersed in water at 18° C. for 10 minutes 
and for a further 5 minutes exposed to the air, 
release of the cuff caused a striking increase in the 
temperature of the denervated digits. The rapidity 
of this increase indicated a rate of blood flow so 
high as to be only explicable on the basis of a 


are quoted by Grant (1935), but he failed to find 
any alteration in the histology of denervated vessels 
of the rabbit’s ear. 

Substantiation of Grant’s results were obtained 
in subject A.H. with a sciatic nerve lesion who, 
because of intractable ulcers, required amputation 
below the knee. The dorsalis pedis, the posterior 
tibial, and the digital arteries of the great toe 
appeared histologically to be normal in every respect. 


Discussion 


In the presentation of the above results their 
bearing on causation of the usually diminished 
circulation of denervated digits was discussed and 
it was concluded that so long as their temperature 
did not fall below 16 or 17° C. the sensitization to 
cold produced by degeneration of the sympathetic 
fibres was the major cause of the phenomenon. 
This sensitization tocold was made the more manifest 
by the action of adrenaline, the action of the intact 
vasomotor nerves to the limb and by disuse. 
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Fic. 14.—Temperature charts of subjects S.W. and A.K. to show the effect of temperature on reactive hyperemia. 


Conventions as in Fig. 1. 
indicated on the chart. 


dilatation of the arteriovenous anastomoses. This 
increase was in contrast to the absence of any change 
in the normally innervated digits and was comparable 
to that occurring in the preganglionectomized digit 
(subject S.W.) except that here the rise was main- 
tained. In this instance it was also noted that 
sensation returned to the preganglionectomized 
digit (R.F.5) within two minutes and to the normal 
digit (L.F.2) in five minutes. 

It is apparent, therefore, that reactive hyperemia: 
(1) is not dependent on any nervous mechanism; 
(2) is greatly slowed by a high sympathetic vaso- 
constrictor tone; (3) is not affected by the vasocon- 
striction caused by cooling the denervated digit; 
(4) is, in the denervated digit, mediated in part by 
the arteriovenous anastomoses. 


Histology of Arteries 


The literature is not lacking in descriptions of the 
p2thological effects of nerve lesions on the arterial 
wall (Todd 1913, Stopford, 1918). Other references 


Cuffs on the proximal phalanges of the digits inflated to 200 mm. Hg. for the periods 


The different effects of preganglionectomy, 
ganglionectomy, and peripheral nerve section on the 
circulation have been indicated. The finding that 
steliate-ganglionectomy need not produce complete 
degeneration of the post-ganglionic fibres, together 
with the demonstration by Kuntz (1927) of the 
variable distribution of fibres from the middle 
cervical ganglion, suggests an explanation for some 
of the better results following this operation. It 
seems probable that even a very partial preservation 
of the post-ganglionic fibres would confer a relative 
immunity on some of the vessels to the effects of 
local cold. A persisting high blood flow in these 
vessels could then combat the cooling of the tissues 
with the result that even the fully sensitized vessels 
would dilate and give the appearances typical of a 
preganglionectomy. It should be noted, however, 
that de Takats (1940) practises excision of both 
stellate and mid-cervical ganglia and claims good 
results. 

The tendency to vasoconstriction shown by 
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denervated digits suggests a resemblance to Ray- 
naud’s syndrome, and Grant (1935) has wondered 
if involvement of the nerves may play a part in the 
pathogenesis of this condition. Several points 
argue strongly against this theory. Fatherree and 
Allen (1938) have shown that patients with Raynaud’s 
syndrome have no hypersensitivity to adrenaline. 
Conversely, subjects with partial lesions of peri- 
pheral nerves in the present series have not been 
observed to have Raynaud’s.syndrome, and direct 
questioning has not, in a large series of cases, 
elicited a history suggestive of vasospasm. How- 
ever, in the variety of Raynaud’s syndrome occurring 
in workers with pneumatic tools it seemed not 
impossible that there might be some injury to the 
nerve fibres. Subject S.S. was a mild case of this 
sort but no abnormality in the response to adrenaline 
could be demonstrated. Denervated fingers not 
uncommonly exhibit a slight cyanosis compared 
to the other digits, but this is never so intense as 
that seen in Raynaud’s syndrome. Moreover, in 
Raynaud’s syndrome the essential defect is a vas- 
cular spasm which the tissue metabolites are unable 
to relax. This defect is not present in peripheral 
nerve lesions as shown by the ready response to 
reactive hyperemia despite thorough cooling of the 
digits which would ordinarily cause in them a 
pronounced vasoconstriction. This would indicate 
that in peripheral nerve lesions the blood flow is 
adequate to the needs of the tissue, while in 
Raynaud’s syndrome ischemia occurs. 

Under the term trophic changes may be included 
the diminished nail growth, loss of finger pulp, and 
thinning of the skin. These have been well depicted 
by Lewis and Pickering (1936) who ascribed them 
to an habitual coldness and to a deficient blood 
supply by analogy with similar changes occurring 
in Raynaud’s syndrome. As it has been shown 
above that there is no reason to believe that the 
blood supply to denervated digits is deficient for 
the needs of the tissue, these changes may be ascribed 
simply to the diminished growth and metabolic 
activity consequent on the low temperature. 
Evidence is given in paper G that similar changes 
do not occur in the proximal parts of the limbs 
following denervation and here the effect on the 
skin temperature is minimal. Crucial evidence as 
to whether these digital changes are in any sense 
neuro-trophic might be obtained from the observa- 
tion of cases in semi-tropical climates where it is 
likely that denervated digits would usually be warm. 

Lewis and Pickering also ascribe to a deficient 
blood supply the intractable healing of ulcers and 
the occurrence of chilblains. No evidence of the 
former was found (see paper C). The incidence 
of chilblains must be very low in denervated digits. 
Thus in a personally observed series of 62 median 
nerve lesions, 25 of which were complete, 81 ulnar 
nerve lesions 32 of which were complete and 16 
sciatic nerve lesions 6 of which were complete, 
no case with chilblains was found. 

There now remains to be considered the nature 
of cold sensitivity. It is usually considered that 
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cold acting directly on the contractile elements of 
the blood vessels is the cause of vasoconstriction, 
Certainly the observation of Lewis and Landis 
(1929-31) that warming immediately increased the 
pulsation of digital arteries that had been sym. 
pathectomized and the tendency of excised arteries 
to go into spasm when cooled as shown by Kesson 
(1912) favours this view. Experiments with other 
types of smooth muscle, the iris (Verbitzky, 1923) 
and the stomach (Singh, 1940), however, showed that 
the tone relaxed at temperatures below 25 to 30°C, 
and a similar reaction has been found in mesenteric 
arteries (Cruikshank and Rau, 1927). An alternative 
explanation is provided by the conclusions of Lewis 
(1927) indicating that the reduction in blood flow to 
the skin at reduced temperatures is secondary toa 
reduction in tissue metabolites. In favour of this 
suggestion is the finding of Freeman and Zeller 
(1937) that O, usage and blood flow are affected 
in a parallel manner by changes in temperature. It 
would appear that the theory of Bazett and McGlone 
(1928) attributing the vascular effect to changes in 
PH reconciles these two points of view. A fall of 
temperature would directly raise the pH and this 
would produce vasoconstriction as shown by 
Kurtz and Leake (1927). At the same time the 
lowered temperature would decrease the formation 
of acid metabolites and so indirectly lead to an 
elevation of pH and vasoconstriction. 

These local influences plus the increased reactivity 
of the denervated blood vessels would appear to 
offer sufficient explanation for the much-debated 
phenomenon of regain of tone following sym- 
pathectomy. In particular there seems to be no 
need to hypothecate a circulating vasoconstrictor 
substance as has been done by Grant (1935). At 
the same time there is evidence in patients (subject 
S.W.) and in animals (Grant, 1935, Ascroft, 1937) 
that systematic disorders tend to induce vasocon- 
striction. This influence must be mediated by 
hematogeneous factors, but it is an open question 
whether these directly influence the vessels or the 
metabolism of the tissues. Perhaps in favour of 
the latter view is the fact that systemic disorders 
leave their traces on growing tissues, such as the 
nails, and on bones and teeth in children. 


Summary 

Observations on subjects with preganglionic and 
ganglionic sympathectomies and patients with 
peripheral nerve lesions have been reported. 

The digital vascular reactions in peripheral 
nerve lesions are similar to those following sym- 
pathetic ganglionectomies. These observations 
bring the results on humans into agreement with 
those on other mammalia. 

The tendency to coldness of completely denervated 
digits is due to the hypersensitivity to the local 
vasoconstricting action of cold caused by the 
degeneration of the sympathetic fibres. This action 
of cold is made apparent in denervated digits 
because of the facilities for heat loss afforded by 
vasoconstriction in the remainder of the limb, the 
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action of adrenaline, and the cooling caused by 
disuse. ; : 

Part of the difference in the habitual states of 
denervated digits and ganglionectomized digits has 
been ascribed to the persistence in the latter of some 
post-ganglionic fibres. 

It was concluded from observations on reactive 
hyperemia that the blood flow to denervated digits 
is adequate to the needs of the tissues. 

The digital atrophy was ascribed to the lowered 
tissue metabolism consequent on the usual coldness. 

The relationship of Raynaud’s syndrome to 
denervation sensitivity has been discussed and no 
correlation made. 

The effect of temperature on the vessels has been 
discussed and its relationship to changes of pH and 
of tissue metabolism has been considered. 

The regain of tone following denervation has been 
ascribed to the action of local influences on sensitized 
vessels. No necessity was found to assume the 
presence of a hematogenous factor except in the 
circumstance of systemic disorders. 


- Since the completion of this paper Richards (1943), 
has reported observations covering somewhat the 
same ground. 
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THE clear demonstration of Bruce (1913) that the 
inflammatory response of the conjunctiva to mustard 
oil is dependent on the presence of intact afferent 
neurones and is mediated by axone reflexes has been 
accorded general agreement, though Stevenson and 
Reid (1915) and Hirschfelder (1924) have expressed 
dissidence. The work of Lewis et al. (1927-9), 
however, leaves no doubt that injury to the skin 
causes a flare response dependent on the mechanism 
described by Bruce. This local vascular dilatation 
would appear to be a highly appropriate response 
to infection and would supply a simple explanation 
of the caloric element of the inflammatory tedrad. 
Experimental evidence for this is lacking. Grant 
(1935) found that nerve degeneration did not affect 
the healing of injuries of rabbits ears and Menkin 
(1940) has summarized the literature and concluded 
that the absence of nerves does not materially alter 
the inflammatory reaction. Moreover, in the 
human, Smithwick and White (1935) have been 
successful in securing the healing of chronic ulcers 
in subjects with occlusive vascular disease by 
crushing peripheral nerves. Despite this there is 
a lingering clinical suspicion that the obstinacy in 
healing shown by burns of denervated digits and the 
pressure ulcers of denervated feet is related in some 
way to the nerve lesion. Thus Lewis and Pickering 
(1936) haveascribed the intractability to a diminished 
blood supply. However, it was concluded in 
paper B that the blood supply of denervated digits 
was adequate to the needs of the tissues. It 
appeared therefore that this matter merited further 
investigation. 


Observations 


In order to decide if the local hyperemia found in 
conjunction with inflammation was lacking in 
denervated digits two subjects were examined by 
the methods described in paper A. 

Subject J.M. had a right ulnar nerve lesion and 
the results in Fig. 1, Exp. 1, were obtained two weeks 
before he burned the medial aspect of the distal 
phalanx of R.F.5. This figure shows that the 
vascular reactions of this digit were typical of those 
of denervated digits. Fig. 1, Exp. 2 shows the con- 
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dition present eight days after the burn, at which 
time a small clean ulcer was present. The tempera- 
ture of R.F.5 was now raised and, when the body was 
warmed, it attained a temperature much higher than 
in the previous experiment. It will be noted that the 
initial response to immersion of the feet in hot water 
was a vasoconstriction which relaxed when the feet 
were removed. This water felt burning hot and the 
effect on the finger temperature is ascribed to a 
release of adrenaline. The following day the patient 
sat for two hours with the hands exposed in a room 
at 20°C. The temperature of 25 points on the 
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Fic. 1.—Temperature charts of subject J. M. before and 
8 days after a burn of R.F.5. The lines representing the 
temperature of diffzrent digits are identified on the charts. 
The lower line of blocks if filled indicates indifferent limbs 
in water at 18° C.; if empty in water at 44° C. The upper 
line of blocks if filled indicates the extremities under 
observation in water at 18° C.; if empty in water at 38° C. 


palmar surface of each hand were then taken and 
the isotherms plotted from the data are shown in 
Fig. 2. These indicate that the whole of R.F.5 
was abnormally warm. Isotherms obtained from 
cases with ulnar nerve lesons having no inflammation 
were found similar to those obtained from normal 
subjects when the hands were cold. 

Subject A.H. with a sciatic nerve lesion and 
moderate cedema of the foot had a small ulcer at 
the base of the distal phalanx of the great toe. 
This healed when the patient was in bed with the 
leg horizontal or elevated, but recurred when the 
foot was used despite elastic bandaging and cloth 
boots. Eventually amputation of the leg was 
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Fic. 2.—Distribution of isothermic lines in subject 
0m 9 days after a burn of the tip of the right little 
nger. 


required. Fig. 3 illustrates the persistent high 
temperature of L.T.1 and a less marked elevation 
of that of L.T.3. Local cooling by immersion of 
the feet in water at 18° C. for 10 minutes did net 
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FiG. 3.—Temperature chart of subject A.H. with a 
chronic ulcer of L.T.1, conventions as in Fig. 1. 


induce vasoconstriction, as it invariably did in 
subjects with uncomplicated nerve lesions (paper B). 
In Fig. 4 are plotted the isotherms as determined 
under conditions similar to those described above. 
It is evident that these lines centre around the great 
toe and that the whole foot is warmer than the 
normal one. A control subject (C.B.) with a sciatic 
nerve lesion showed the same pattern as the normal 
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Fic. 4.—Distribution of:isothermic lines in subject A.H. 


STUDIES IN DENERVATION—C 


113 


foot. Fig. 9 of paper E is a reproduction of a 
plethysmographic record of subject A.H. The 
marked discrepancies between the size of the pulse 
waves indicates the high blood flow in L.T.1. No 
definite response to a deep breath or to a sudden 
noise was present in this toe, but two sums in mental 
arithmetic appeared to produce a slight vasocon- 
striction commencing 10-15 seconds after the sum 
was given. A definite response to 0-2 ug adrenaline 
was obtained. 








Discussion 


These two cases represent the two causes of the 
majority of so-called trophic ulcers, namely, burning 
and pressure. It has been demonstrated that in 
both the cause of the delayed healing resides else- 
where than in a defective blood supply. 

In the cases of ulcers following burns we lack any 
definite evidence of the extent of the original 
trauma and the usual criteria depending to a 
certain extent on pain and the flare are lacking. 
Therefore, it is unwarranted to describe the healing 
as slow and in fact no unduly chronic ulcers of the 
hands have been observed. 

In the cases of ulcers from pressure the major 
predisposing and perpetuating factor is not the loss 
of cutaneous innervation but is the cedema caused 
by the paralysis of the leg muscles. This statement 
is supported by the fact that healing occurs when 
drainage of the limb is promoted and by the fact 
that in a series of six complete sciatic nerve injuries 
five showed a tendency to cedema and four developed 
ulcers, while in a series of four posterior tibial 
nerve injuries none developed cedema or ulcers. 
This was true though the pressure points were 
anesthetic and no special precautions were observed 
to avoid trauma. Pressure ulcers are, therefore, 
determined in patients with nerve lesions not by the 
loss of cutaneous innervation or defective arterial 
circulation, but by an impaired lymph drainage. 

' The term trophic which has been applied to the 
ulcers under discussion not only lacks precision but 
seems to imply that some peculiar defect of tissue 
nutrition is present. Neither the experimental 
work nor the observations reported here justify 
this view. It is not uncommon for patients to be 
entirely ignorant of any cause for a blister or ulcer, 
but this in itself hardly warrants an adjective other 
than painless and there appears to be no other 
reason for the use of the term “ trophic.” — Lewis 
and Marvin (1927-9) have doubted the traumatic 
origin of these lesions, but the mere fact that they 
always occur on the most exposed part of the digits 
argues strongly in favour of such a view. These 
unperceived injuries are explained by the insentient 
nature of the part and by the deficiency of vasodilator 
axonal reflex. In paper B it was shown that 
immersion in hot water caused a greater rise in the 
temperature of denervated digits than of normal 
digits, presumably because of this deficiency. One 
subject, S.R., with an ulnar nerve lesion was tested 
with this point in mind. Immersion of the gloved 
hand in water at 49° C. caused the temperature of 
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the little finger to rise to 47° C. while that of the 
normal index finger rose only to 43°C. Thus it 
would be possible for an agent to damage the 
denervated digit while being innocous to a digit 
in which vasodilator axonal reflexes were present. 
Wybauw (1936) has in fact shown that if a cat’s 
leg, the afferent fibres of which have been caused 
to degenerate, is immersed in water at 60° C. for 
five minutes there results a considerable oedema. 
This does not occur if the leg is normal or if only the 
posterior roots are cut. ce 
Disturbances of growth which appear to have 
more claim to the term trophic have been attributed 
in paper B to the effects of temperature. Experience 
of the trophic disturbances associated with causalgia 
has been too limited to merit description, but it is 
desirable to record the incidence in subjects with 
peripheral nerve lesions of herpetic eruptions which 
resemble those described as occurring in causalgia. 
Routine examination of cases with peripheral 
nerve lesions revealed not uncommonly minute 
vesicles on the palms and fingers. It seemed that 
these were especially likely to be found in patients 
who, because of parasthesiz or some other reason 
such as osteomyelitis of the radius, did not use the 
hand and in which the skin tended to be kept moist 
by sweat. No particular association was noticed 
between areas affected by the nerve lesion and those 
affected by the eruption though thinning of the skin 
made the vesicles more evident. The condition 
was therefore thought to be a variety cheiropom- 
pholyx to which it bore an absolute resemblance. 
Attempts to isolate a fungus were as unsuccessful 
as other attempts (Roxburgh, 1939) in this condition. 
These considerations do not prove that the 
minute vesicles described by Mitchell et a/. (1864a) in 
cases of causalgia are not due to irritation of the 
nerve fibres and the similarity of the vesicles to 
those of zoster of the extremities might suggest 
a similar causation. In this connection it may be 
noted that the view of Lewis and Marvin (1927-9) 
that the vesicles of zoster are due to stimulation of 
posterior root fibres is still a hypothesis. They 
were unable to show that prolonged experimental 
stimulation of posterior root fibres gave rise to 
wheals or vesicles while the presence of the virus 
in the fluid of the vesicles offers an alternative 
explanation (Wilson, 1940). The early involvement 
of the regional lymph glands also indicates an in- 
flammatory reaction not limited to the posterior root 
ganglia. The argument that symptomatic zoster 
also produces vesicles (Lewis and Marvin, 1927-9) 
loses force with the present day conception that all 
cases of zoster are due to specific virus and that the 
symptomatic variety is the same infection localized 
at the site of pre-existing disease. Lewis (1942), 
however, still favours his original view, but it is 
clear that any analogy that might be drawn between 
the herpes of zoster and of causalgia need not 
necessarily indicate a neurogenic causation. There 
is therefore little basis for the generally accepted 
view that the vesicles occurring in cases of causalgia 
are due to the nerve lesion and it is not improbable 
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that they are a variety of cheiropompholyx. Even 
the interesting case reported by Ross (1933) in 
which the vesicles were singularly limited to the 
hyperesthetic area might be explained if the skin 
of this part was rendered unduly susceptible by 
moisture and lack of friction. 

The following quotation from Mitchell, More- 
house and Keen (18645) is given not only to support 
the present thesis that the vesicles are not neurogenic 
in origin, but to indicate the strong prejudice of 
these authors in favour of the neurogenic theory. 
Referring to a case of typical causalgia they state 
“It is an admirable example of the presence 
of eruption associated with depraved nutrition, 
We mention it here only to call attention to the fact 
that the right hand was the injured member, and 
that the eczema appeared secondarily in the left 
palm, and was relieved by the treatment which was 
addressed to the right limb. Was this a case of 
reflex influence?” It is also worth noting that in 
many of their cases the description of the eczema is 
typical of a gross infection by a species of tricho- 
phoyton. It is possible that a condition of this 
sort occurring in an area of dyszsthesia would give 
rise to severe pain and this would be an acceptable 
explanation for the present rarity of typical cases of 
causalgia. 

Summary 


Evidence has been presented to show that the 
vascular response of inflammation is present in 
denervated digits. 

The intractability of ulcers in denervated areas 
has been ascribed to the fact that as the extent of 
the damage is not appreciated the healing only 
appears to be slow, while in the foot cedema rather 
than denervation is the responsible factor. 

The use of the term trophic has been found 
unwarranted in this connection. 

It has been suggested that the vesicular eruption 
present in some cases of peripheral nerve lesions 
is not primarily due to the affection of the nerve. 
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STUDIES IN DENERVATION 
D.—THE MECHANISM OF AXONAL VASODILATATION 


BY 


J. DOUPE * 
(From the E.M.S. Hospital, Winwick, nr. Warrington) 
(RECEIVED 14TH OCTOBER, 1943) 


IN a recent paper Lewis (1939-42) has reviewed 
the evidence concerning the nature of the fibres 
concerned in axonal vasodilatation and has affirmed 
his belief that while they belong to the posterior root 
system they are not afferent fibres. Support for 
this contention might be obtained from the following 
case, though here a different interpretation is made. 
The opportunity is also taken to present an alterna- 
tive to the explanation of Lewis for certain of the 
phenomena associated with the flare. 


Case Report.—Subject F.J. suffered an incised wound, 
involving the ulnar nerve, above the right elbow. A 
primary suture of the nerve was performed and the wound 
healed by first intention. Examination two weeks later 
showed a typical loss of sensation and of sweating in 
the ulnar area. Figs. | and 2 record a similar state of 
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Fic. 1.—Sensory chart of subject F.J. 3 months after 
injury. Continuous line indicates margin of loss to 1 gm. 
hair; broken line—margin of loss to 15 gm. pin prick; 
hatched area—loss to a pressure of 15 gm. on a circular 
area of 10 sq. mm. 


affairs three months later. There was a fairly profound 
muscular paralysis at first, but at the end of a month 
there was sufficient power to act against gravity in all the 
muscles supplied by the ulnar nerve except the 4th 
dorsal interosseous. Percutaneous stimulation of the 
ulnar nerve at the wrist and of the median nerve at the 
elbow at an operation for resuture four months after 
injury showed that this persistence of voluntary power 
was due to a communication from the median nerve to 
the ulnar nerve in the forearm. Observations on the 
response to electrical stimulation of the hypothenar 
muscles indicating incomplete denervation are reported 
.In paper I. Plethysmographic records (Fig. 3) showed 
the presence of neurogenic vasoconstrictions in the right 
fifth digit in response to pin prick but these were abnor- 
mal in that they lagged 5—6 seconds behind those in the 
normal finger as described by Wilkins and Kolb (1941) 
in cases of peripheral neuritis. Numerous thermometric 
records were obtained which also showed that there was 
an extraordinary persistence of reflex vasomotor activity 
in the fifth digit (Fig. 4, Exp. 1) combined with no great 
Sensitivity to the vasoconstricting action of local cooling 
(tig. 4, Exp. 2). This confirmed the patient’s statement 
that the finger was neither abnormally warm nor cold. 





* Working on behalf of the Medical Research Council. 


In the hope of showing conclusively that this nearly 
normal blood flow was present in the absence of axonal 
vasodilator reflexes the response to extreme cold was 
tested. As shown in Fig. 4, Exp. 3, this resulted in a 


Fic. 2.—Photographs of sweat response to body heating 
of subject F.J. Left hand sweated evenly. (Chinizarin 
technique.) 
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Fic. 3.—Plethysmographic record (x<'*/,) of subject F.J. 
Time in l-sec. and 10-sec. intervals. Downstroke in 
respiratory tracing is inspiration. Volume of L.F.5 
increases upwards, that of R.F.5 increases downwards. 
At signal which was 2-3 sec. late several pinpricks were 
given to the subject’s leg. 











phasic vasodilatation in the fifth digit which, though less 
marked than in the normal, was unmistakable. That 
this phasic response was not due to the periodic blocking 
of vasoconstrictor fibres, as has been mentioned as a 
possibility by Hertzman and Roth (1942), is shown by 
the high temperature of the index finger of the opposite 
hand indicating a complete inhibition of vasoconstrictor 
impulses induced by the immersion of the feet in hot water. 
Attempts to demonstrate a flare on any of the digits were 
not convincing. Unfortunately the method described by 
Grant and Bland (1929) was not known at the time, but 
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there is little doubt that the flare and the’ vasodilator 
response to cold are essentially similar phenomena. 
Discussion 

This case, therefore, was of no help in supporting 
the thesis of paper B that a normal circulation may 
be present in the absence of axonal vasodilator 
reflexes. It did, however, provide rather convincing 
evidence that vasodilator axonal reflexes are not 
dependent on the presence of fibres which mediate 
a sensation. It should be stressed again that the 
loss of sensation in the fifth digit in this case was 
absolute, even the stimulus of immersion in ice 
water and subsequent warming was unappreciated, 
while on one occasion he had unwittingly burned 
the finger. Neither prolonged intensive faradism 


those associated with axonal vasodilatation is that 
neither need give rise to a conscious sensation there 
are no grounds for pursuing the theme further. 
It is legitimate, however, to use the opportunity to 
discuss the mechanism of axonal vasodilatation 
and the reasons of Lewis for believing it to be 
dependent on efferent fibres. 

It should be noted in passing that the type of 
unusual distribution of the median nerve present 
in this case is fully discussed by Hovelacque (1927) 
who also provides a complete bibliography bearing 
on this point. 

OUTLINE OF Lewis’ THEORY.—The various aspects 
of the total concept of Lewis rest on assumptions 
of varying degrees of certainty. Thus his concept 
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Fic. 4.—Temperature charts of subject F.J. 
different digits are identified on the charts. 


hands in water at 18° C. 


nor galvanism elicited any sensation. He was, 
moreover, intelligent, co-operative, not hysterical, 
and sweat tests on numerous occasions showed an 
area of anhydrosis corresponding to the area of 
sensory loss. These findings might suggest that axonal 
vasodilatation is dependent on efferent fibres, but it 
is possible that it might be dependent on afferent 
fibres which do not mediate a conscious sensation. 

Afferent fibres from the specialized receptors in 
the vascular system are conspicuous examples of 
afferents lacking an ability to produce _a conscious 
sensation and of some pertinence to the present 
situation are the findings of Duthie and Mackay 
(1940). These authors report that after section 
of the spinothalamic tracts afferent nervous path- 
ways are still present mediating reflex vasodilation, 
though temperature sensation is lost. The import- 
ance of these findings, if confirmed, is great, though 
it is true that they do not necessarily indicate that 
these two functions are subserved by different 
fibres in the periphery. However, it may be recalled 
that Carmichael et al. (1937) have demonstrated, 
in the posterior roots supplying the leg, the presence 
of afferent fibres particularly associated with vaso- 
motor regulation, which they suggested might 
arise from receptors associated with the blood 
vessels. As the only link between these fibres and 


Lines representing the 10 t 
Lower line of blocks if 
filled indicates that the legs were in water at 18° C.; if empty in water 
at 44°C. Upper line of filled blocks indicates immersion of the 5 
In Exp. 3, right hand was in a rubber glove 
and at 5 min. was immersed to the proximal phalanges in ice water. 
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may be summarized in the following two sentences, 
the first of which contains the doubtful assumptions 
while the second contains the deductions which 
appear to have achieved the status of truths. 

(1) Lewis considers axonal vasodilatation to be 
dependent on efferent cholinergic fibres which may 
stimulate the cells of the skin to liberate H-substance. 

(2) The nerve fibres subserving axonal vaso- 
dilatation have their trophic centre in the posterior 
root ganglia, and in the skin they are distributed 
in the form of a plexus which is readily stimulated 
by tissue injury, through the release of a substance 
or group of substances called H-substance. 

Obviously only the doubtful points are of interest 
here, and they will be discussed in turn. 

EFFERENT FIBRES 
view that the posterior roots contain efferent fibres 
having effects on the peripheral vessels rests on 
observations in man and animals. It may be noted 
that there is overwhelming histological evidence 
that there are no fibres in the posterior roots with 
their trophic centres in the spinal cord (Westbrook 
and Tower, 1940). This point, however, is not in 
dispute and, in spite of the ontogenetical impro- 
bability, only physiological evidence can determine 
if any of these fibres subserve an efferent function. 


IN POSTERIOR Roots.—The - 














The animal experiments have recently been 
reviewed by Dole and Morison (1940) who have 
filled a remarkable gap in our knowledge. Their 
evidence shows that in the dog the vascular responses 
that persist after sympathectomy persist also after 
complete denervation and are therefore not due to 
vasomotor fibres in the posterior roots as had been 
previously suggested. Such results, which are 
negative in the sense that no reflex efferent function 
was found for the posterior roots, do not entirely 
exclude such a function. They do, however, cast 
grave doubt on all the evidence supporting this 
belief. Brown and Maycock (1940) reported at 
about the same time the occurrence of a depression 
in blood pressure in totally sympathectomized 
animals in response to trauma in the region of the 
spinal cord. They concluded that this indicated 
an accessory vasomotor pathway and this could 
be interpreted in favour of a posterior root outflow, 
but the results of Dole and Morison suggest that 
some other mechanism is operating. In support of 
such a view is the fact that Brown and Maycock 
did not conclusively show that their results were 
reflexly produced and it is known that in the human 
under high spinal anesthesia surgical trauma in the 
desensitized area produces a fall in blood pressure 
(Papper ef al., 1943). Whether or not these two 
phenomena are related it is impossible to say, but 
it is obviously important to elucidate their mechanism 
for both practical and theoretical reasons. 

The finding of Barron and Matthews (1935) 
and of Toennies (1939) of an efferent discharge over 
posterior root fibres should not be used as an 
argument that these subserve true efferent functions. 
That they are sensory fibres is suggested by the 
finding of Toennies that the efferent posterior root 
impulses depress the excitability of tactile receptors 
and this is the known result of a back-fired volley 
in sensory fibres (Matthews, 1933 ; Gasser, 1939). 
Furthermore, they do not appear to be accessible 
to reflex activation as Barron and Matthews found 
that the potentials were restricted to branches of 
the fibres originally stimulated. It is true that 
Barron (1940) has found it necessary to modify this 
conclusion, but in doing so he has emphasized our 
ignorance of the mechanism of the phenomenon and 
appears even to suggest that it may be an artefact. 

Section of the posterior roots has been demon- 
strated in animals to have no effect on the peripheral 
circulation (Ascroft, 1937, Wybauw, 1936a), though 
a slight tendency to coldness has been described 
(Hinsey, 1934, Zuckerman and Ruch, 1934). Sucha 
negative result would be expected if sympathetic 
instead of posterior root fibres formed the link 
between the central nervous system and the vaso- 
dilator fibres of the posterior roots, possibly ending 
in the pericellular baskets of Dogiel: This ingenious 
suggestion of Ranson and Wightman (1922a) 
appears to be excluded because excision of the 
posterior root ganglia produces no effects on the 
circulation (Ascroft, 1927) or only a very slight 
vasoconstriction as indicated by a temperature drop 
of 0°5° C. (Wybauw, 1936a). The animal experi- 
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ments therefore offer no positive support for the 
view that efferent fibres exist in the posterior roots. 

The evidence in humans which has appealed to 
Lewis (1939-42) rests on a series of cases with 
reflex urticaria reported by Grant ef al. (1937-8). 
These authors point out, however, that sympathetic 
fibres might form the efferent pathway. In view 
of the known vasodilator function of the sympathetic 
fibres (Grant and Holling, 1937-8) in at least some 
of the regions involved by the urticaria, it would 
seem that this was the most tenable hypothesis. 
Moreover, it is to be noted that atropine prevented 
the development of the reflex uticaria in these 
cases and also in a similar case described by Lewis 
(1939-42). Atropine, on the other hand, has no 
effect on the vasodilatation produced by antidromic 
Stimulation (Hunt, 1918). This would argue 


Strongly against the conclusion that the fibres 


mediating the urticaria are the same as those mediat- 
ing antidromic vasodilatation. Carmichael ef al. 
(1937) have found in man that section of the posterior 
roots had no effect on the peripheral circulation 
‘other than was accounted for by loss of afferent 
impulses. The observations in man, therefore, 
offer no support for the view that there are efferent 
fibres in the posterior roots. 

INNERVATION OF CELLS OF THE SKIN.—The con- 
ception that the posterior root fibres control the 
metabolism of the skin cells and so affect the cir- 
culation in an indirect fashion was evolved by 
Gaskell (1916). Against this view is the fact that 
section of these fibres was not found, in paper G, 
to cause any change in the growth of the skin and 
its appendages. Such an effect, however, would 
not be necessary if, as in the view of Lewis (1939-42), 
the posterior root fibres governed only a particular 
function of the skin cells such as the liberation of 
H-substance. If such were the case degeneration 
of the excitor fibres should induce a hypersensitive 
state in the effector organ according to the law of 
denervation (Cannon, 1939). Ascroft (1937) found 
no evidence of this following excision of the 
posterior root ganglia and three subjects have been 
tested with this in mind. As it was suggested that 
the fibres in question were cholinergic a solution of 
2 per cent. acetylcholine bromide was prepared in 
normal saline and ionized into the skin under the 
influence of an anode of 4 cms. in area. Using 
a current of 25 microamps. for 5 minutes a slight 
localized reddening occuried on the normal skin 
of the leg. The reaction of denervated areas with 
skin of similar texture was in all respects the same, 
except that here a slight pilomotor and sweating 
response was found. Saline had no effect. It was 
concluded, therefore, that no hypersensitivity of 
the cells supposed to secrete H-substance was present 
despite the degeneration of the fibres having their 
cell stations in the posterior root ganglia. Another 
argument against these fibres innervating effector 
cells is that neither atropine (Hunt, 1918), curare 
(Brown and Maycock, 1940), nor nicotine (Ranson 
and Wightman, 19225) has been found to abolish 
the effect. Present observations have also shown 
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that if 2 ccs. of 0-02 per cent. atropine be infiltrated 
under the skin or a similar amount of 0-02 per cent. 
prostigmine, the histamine flare is in no way 
affected although the sweat response to local 
faradism (Wilkins et al., 1938) is respectively 
abolished and augmented. Also against the con- 
ception of a release of H-substance by the skin cells 
under the influence of nervous stimulation is the 
point that a similar local endocrine function would 
have to be attributed to skeletal muscle cells as 
antidromic vasodilatation also occurs in this tissue 
(Bayliss, 1900-01, Wybauw, 1938). 

The necessity of hypothecating an_ indirect 
influence of the nerves on blood vessels arises from 
both anatomical and physiological considerations. 

Hinsey (1928) traced the peripheral fibres of the 
posterior root system after producing degeneration 
of the sympathetic and motor fibres and found that 
though they travelled in close contiguity with the 
terminal blood vessels they did not end on them. 
He considered therefore that their effects on the 


vessels were produced by some remote influence. 


Lewis and Marvin (1927-9) reached a similar 
conclusion after demonstrating that a fundamental 
difference exists between antidromic vasodilatation 
and the vasodilatation induced by stimulation of 
vasodilator nerves such as the nervi erigentes. 
Thus it is necessary to hypothecate an intermediate 
step, but no evidence has been found indicating that 
the cells of the skin are the mediators of the indirect 
effect of the posterior root fibres. 

CHOLINERGIC Fispres.—The first suggestion that 
the posterior root fibres produced vasodilatation 
by the release of acetylcholine came from Dale 
(1929) who reasoned from the analogy with the 
Sherringtonian phenomenon which was shown 
(Dale and Gaddum, 1930) to be due to the peripheral 
release of acetycholine. Dale (1933) later with- 
drew this suggestion after Hinsey and Cutting (1933) 
showed that the Sherringtonian phenomenon could 
not be elicited by stimulation of the posterior roots 
and was dependent on sympathetic pathways. 
Biilbring and Burn (1936) have confirmed the 
observation that stimulation of sympathetic fibres 
induces a contraction in skeletal muscle. The 
evidence of Wybauw (19365) who found an increase 
of acetylcholine in venous blood after stimulating 
the posterior roots is antagonistic to that of Hinsey 
and Cutting who were, in a sense, using sensitized 
denervated skeletal muscle while Wybauw was 
using leach muscle and other tissues to detect 
acetycholine. This discrepancy might be resolved 
if it could be shown that Wybauw was exciting 
sympathetic cholinergic fibres through a reflex 
whose afferent arc was formed by those fibres 
mediating recurrent sensation (Foerster, 1927). That 
this is not an unlikely explanation follows from the 
fact that in the cat stimulation of almost any efferent 
channel will cause sweating (Reid, 1898) and Wybauw 
used the same preparation as was used by Dale and 
Feldberg (1934) to demonstrate the release of acety- 
choline by sudomotor fibres. 

The evidence against acetycholine itself being the 


vasodilating agent is to be found in the paper of 
Lewis and Marvin (1927-9). These authors found 
that stimulation of posterior root fibres produced 
a state of vasodilatation that could persist for at 
least 6 minutes through a period of circulatory 
arrest. The evanescent effects of acetycholine in 
the absence of eserine clearly rules out the possibility 
of the direct action of posterior root fibres through 
cholinergic endings. 

In man Grant et al. (1935-6) and Lewis (1939-42) 
have found in their cases of reflex urticaria evidence 
that the nerve fibres are cholinergic but, as pointed out 
above, there is doubt as to the identity of these fibres, 

It may therefore be concluded that the possibility 
of the peripheral release of acetylcholine by posterior 
root fibres is unproved. 

Nervous RELEASE OF H-SUBSTANCE.—The term 
“* H-substance ” has been used by Lewis to mean 
** any substance (or substances) that is liberated by 
the tissue cells and exerts on the minute vessels and 
neive endings an influence culminating in the 
triple response * (Lewis 1927a). The triple response 
consists of ‘‘ local vasodilatation, the flare and 
eventually local cedema * (Lewis 19275). Whether 
such a substance is liberated through the mediation 
of nerves requires consideration. Lewis and Marvin 
(1927-9) have shown that stimulation of posterior 
root fibres causes a vasodilatation which has a 
relatively long latent period, which endures longer 
than the stimulus, and which persists through a 
period of ischemia. These observations were most 
readily explained on the basis of the release of 2 
stable vasodilating agent and this was assumed {o be 
H-substance. However, evidence was not adduced 
that this substance could evoke the triple response, 
and in fact their observations suggest that this was 
not the case. Thus they showed that the vaso- 
dilatation, even after prolonged stimulation of pos- 
terior 100t fibres, did not spread into the territory 
of adjoining nerves, and this would argue against 
the presence of a substance capable of initiating 
a flare. Foerster (1933) has confirmed this observa- 
tion in man. Moreover, Lewis and Marvin were 
unable to produce oedema or blistering by stimulation 
of posterior root fibres alone, and any support 
for such an occurrence offered by the herpes of 
zoster or of irritative nerve lesions is insecure (see 
paper C). 

To support his contention Lewis has quoted the 
results of Ungar. Ungar (1935) found in the dog 
that stimulation of the distal end of a cutaneous 
nerve for 2 minutes resulted in an increase in gastric 
secretion and this response was present after 
atropinization (Ungar et al., 1935). It is somewhat 
disconcerting, therefore, to find that arterial occlusion 
of the limb during and for 8 minutes following 
stimulation abolished the gastric response. Thus 
the substance in question is apparently more unstable 
than those required to explain the vascular effects. 
It is impossible to be certain in this instance that the 
released substance was not fixed in the tissues during 
the period of occlusion, but against this possibility 
are the observations of Barsoum and Smirk (1936) 
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demonstrating that vascular occlusion itself leads 
to the release of H-substance. The explanation 
of the results of Ungar (1936), which suggest that 
the posterior root fibres are “* histaminergic ” and 
are involved in depressor reflexes, must await 
further study. Ungar and Parrot (1939) have since 
concluded that they were dealing with adrenoxine 
but Kwiatkowski (1943) supports their former 
interpretation. 

The evidence for the release of H-substance by the 
nerve fibres involved in the flare is also uncon- 
vincing. So unconvincing indeed that Lewis (1937), 
being certain that antidromic stimulation released 
H-substance, was constrained to question the 
identity of nerve fibres mediating these two types of 
vasodilatation. However, there seems little reason 
to doubt their identity as both sets of fibres belong 
to the posterior root system, both cause vaso- 
dilatation and both are immune to the action of 
atropine, Recently Lewis (1939-42) has concluded 
in favour of the view that H-substance is released 
in the flare because in a subject with a highly 
sensitive skin small wheals occurred over the area 
of vasodilatation. It may be noted that Grant et al. 
(1935-6) in a group of patients similar to that of 
Lewis were unable to produce wheals in this way. 
An alternative explanation to that of Lewis may be 
offered, for inasmuch as the blood serum of his 
patient was shown to be ,highly potent in causing 
wheals on her skin when injected intradermally, 
it is possible that the marked vasodilatation in the 
area of the flare might have permitted sufficient 
exudation of plasma to produce the wheals. 

It seems certain, therefore, that some substance 
with vasodilating properties is released by the 
stimulation of nerves, but it is doubtful whether 
it is entitled to the name ** H-substance.” 


This review of the literature may be summarized 


by saying that there is no positive evidence indicative 
of :— 

|. Efferent fibres in the posterior roots. 

2. Posterior root fibres exerting their effects on 

the circulation by cholinergic endings. 

3. Skin cells mediating the effects of these fibres. 

4. Nervous liberation of H-substance. 

AN ALTERNATIVE HyportuHesis.—In his latest paper 
Lewis (1939-42) appears to have been prompted to 
put forward the hypothesis that the nerve fibres 
under consideration are efferent because of the 
difficulty of conceiving that a single fibre subserves 
both efferent and afferent functions. His present 
conception does no less violence to the established 
doctrines of neurophysiology, for it requires certain 
efferent fibres to be endowed with a unique sensitivity 
to nocuous stimuli and to histamine while other 
fibres, whether large or small, efferent or afferent, 
are not stimulated by histamine with the possible 
exception of ‘pain fibres, and here it is likely that 
pain endings are in fact being activated. 

The only alternative to endowing a sensory fibre 
with efferent functions or vice versa appears to be 
to deny that one of these activities is a specific or 
intrinsic function of the fibre. It has been seen 
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above that these fibres belong to the posterior root 
system and there is no evidence of efferent fibres 
in this system, nor is there any evidence of any 
usual type of excitor-effector junction. Therefore 
it may be assumed that these fibres are afferent. 
It may also be assumed .that they terminate in a 
branching axone system ending in receptors 
specially sensitive to products of tissue damage 
similar to histamine. It was shown by Woollard 
(1926) and Hinsey (1928) that afferent fibres travel 
in close association with the terminal vessels. The 
products of metabolism of these fibres would there- 
fore have exceptional access to the vessels, and these 
products of metabolism would have the requisite 
vasodilating properties as judged by the action of 
metabolites of other tissues. Axonal vasodilatation 
is therefore attributed to the metabolites of sensory 
nerve fibres. 

The above conception appears to outrage no 
physiological principles and to be capable of 
reconciling all the facts. Its main disadvantage is 
that it does not appear to be easily susceptible of 
proof. At first sight it would appear that the 
hyperemic response of the flare is greatly in excess 
of the needs of the nervous filaments, but it may be 
recalled that the hyperemia in response to activity 
in other tissues such as glands and muscles (Barcroft 
and Kato, 1916) is also excessive as judged by the 
approach of the O, content of the venous blood to 
that of the arterial blood. This point, therefore, 
should not be given undue weight, particularly as it 
has been shown that activity of nerve fibres, as in 
cerebral white matter, does induce a dilatation of 
the vessels in their vicinity (Serota and Gerard, 1938). 
Moreover it is not impossible that nerve fibres, 
and perhaps unmyelinated fibres in particular, may 
release peculiar catabolic products of high vaso- 
dilating potency. The presence of such substances 
in nerve fibre is indicated by the work of Lorente de 
N6 (1938) who found acetylcholine (i.e. a substance 
causing contraction of leach muscle) in fibres at 
sites distant from their ultimate terminations, 
while Kwiatkowski (1943) has offered similar 
evidence for a substance considered to be histamine. 
If these were released on excitation of the fibres 
the explanation of the results of Wybauw (19365) 
and Ungar (1935) would be made clear. This idea 
might also be supported by reference to the observa- 
tions of Gerard (1932) and Abrams and Gerard 
(1933) that substances leave the cell body and pass 
down the axone. At some point these must be 
extruded, and it is conceivable that this process 
would be accentuated by the changes in membrane 
permeability associated with the conduction of the 
nerve impulse. Perhaps the development of refrac- 
toriness that occurs after periods of anti-dromic 
stimulation could be explained by the exhaustion 
of the supplies of this substance. 

This hypothesis does not necessarily restrict all 
cases of axonal vasodilatation to one type of fibre 
and pain fibres would seem to be a not unlikely 
pathway. However, it has been deduced from the 
case reported above that axonal vasodilatation is 
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mediated at least in part by fibres which do not give 
rise to a conscious sensation. 

It may be mentioned that the view point supported 
here is not far removed from that originally presented 
by Langley (1923-4), who considered that meta- 
bolities from the muscle spindles might be the cause 
of the antidromic vasodilatation in muscle. More- 
over, Gaskell (1916) favoured and Lewis (1927c) 
was not inimicable to the view that metabolites 
were the cause of the vasodilatation in the skin. 
The fundamental alteration in theory suggested 
here merely transfers from the skin cells to the nerve 
fibres the onus of producing the metabolites. 

It is proper though perhaps unnecessary to 
indicate the defects of the method used in reaching 
this conclusion. The method entails in the first 
place selection from a vast literature of observations 
that appear to be pertinent and in the second place 
of evaluation of these observations. It is obvious 
that an incalculable human element is introduced 
in both these procedures. Thus it is not easy to tell 
how far the prejudices of the moment have caused 
a distorted picture to be presented. The funda- 
mental difficulty arises from the impossibility of 
reconciling the desire of an advocate to do full justice 
to his cause and the desire of a judge to see full 
justice done to all. Of some reassurance that the 
latter attitude has been successfully maintained is 
the apparent usefulness of the concept in integrating 
seemingly unrelated phenomena. Of these, three in 
particular may be mentioned which are explicable 
on the basis that intense stimulation of nerve fibres 
causes them to liberate a vasodilator substance near 
their terminations :— 

1. The vasodilatation that occurs in the atropi- 
nized submaxillary gland following stimulation of 
the chorda tympani. 

2. The reversal of the vasoconstrictor effect of 
sympathetic stimulation by ergotoxine. 

3. The flare response and anti-dromic vasodilata- 
tion which have formed the subject of this paper. 


Summary 


A case of ulnar nerve section with an unusual 
distribution of the median nerve has been reported. 

Evidence was found that axonal vasodilatation 
was mediated at least in part by fibres other than 
those associated with sensation. 

A criticism of a recent elaboration of the theory 
of axonal vasodilatation was made. 

An alternative hypothesis was formulated attempt- 
ing to explain the phenomena of antidromic vaso- 
dilatation and axonal vasodilatation within the 
concepts of classical neurophysiology. 

This hypothesis was based on the assumption 
that potent vasodilating substances might be liberated 
from nerve fibres near their terminations. 
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STUDIES IN DENERVATION 
E.—OBSERVATIONS CONCERNING ADRENALINE 


BY 


J. DOUPE * 
(From the E.M.S. Hospital, Winwick, nr. Warrington) 
(RECEIVED 14TH OCTOBER, 1943) 


Ir is the object of this paper to report the effects 
of injections of adrenaline on the circulation of 
denervated digits and observations indicating the 
release of natural adrenaline. 

The methods and apparatus are described in 
paper A. 


Effect of Injections of Adrenaline 


In paper B reference has been made to the 
demonstration of Fatherree et al. (1940) that 
denervation of the digital vessels of humans renders 
them hypersensitive to the vasoconstricting action 
of adrenaline. Atlas (1938) had previously shown 
the same phenomenon using neosynephrine and 
both authors agreed in attributing the action to the 
effects of degeneration of the sympathetic fibres. 
These effects were first fully described by Elliott 
(1905) and since have been amply confirmed though 
little new has been added to his observations. 
Freeman et al. (1934) demonstrated in the human 


the hypersensitivity to adrenaline produced by 
sympathetic ganglionectomy while the success of 
the operations of preganglionit sympathectomy 
devised by Telford (1935) and Smithwick (1936) 
further testifies to the fact that Elliott’s results 
are applicable to the human. 

In as much as the present findings form no excep- 
tion to those referred to above it is only necessary 
to refer to the figures illustrating these results. 
Fig. 1 is an enlargement of Fig. 5, paper B, showing 
that in response to intravenous injections of 
adrenaline the denervated digit (R.F.2) had a greater 
fall in temperature than did the preganglionecto- 
mized digit (R.F.5), while there was no certain effect 
on the normal digit (L.F.2). This figure well 
depicts the prolonged response in the vessels whose 
sympathetic fibres have degenerated as described 
by Elliott. It was on the basis of this type of 
response in R.F.5 and its absence in R.F.2 in 
subject S.S. (see Fig. 6, paper B) that it was concluded 





T 




































































































































° ; "s 
| 5.W. R Median - 
R Preganglioneclfomy LF, 
36 et, ae ls ier oq. ert: eee ‘eT ae _ ee, TR / nam oe, 
‘.- \  s 7. 6 
ee The : ene 
@.....@.. Po er at a o Pe a laa aes: Fd | 
35 a « ! connate 
~e 9% RF, 
A 
338 — - 
Adrenaline V7 Room Temp 
. ° 
hug/per min. 26.C 
32-4 
re #9 Y oe 
Z VZZA Fa 
oO $ 10 15 20 25 30 35 40 45 . 50 min 
Fic. 1.—Temperature chart of subject S.W. An extract from paper B, Fig. 5. Abscisse are time in minutes. 


Ordinates are temperature in degrees centigrade. 


indicated by the hatched blocks. 


The broken line represents a normal digit, the dotted line a pre- 
canglionectomized digit and continuous line a denervated digit. 


The rate and duration of the adrenaline infusion is 
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Fic. 2.—Plethysmographic record (x */;) of subject L.S. 


has been inserted. Time in 1-sec. and 10-sec. intervals. 





In this and the succeeding figures the following conventions 
are used. Upper line is a signal operated by hand to indicate the time of the stimulus. 
Respiratory downstroke indicates inspiration. 


The nature of the stimulus 
In the volume 


tracings the upper tracing is the normal contralateral digit in which an upstroke indicates an increase in volume, while 
the lower tracing is the denervated digit in which a downstroke represents an increase in volume. 


that a stellate ganglionectomy could produce both 
degenerative and non-degenerative section of the 
sympathetic fibres to the hand. Other illustrations 
of the effect of adrenaline on the temperature of 
digits affected by peripheral nerve lesions are shownin 
paper B, Figs. 2, 4,5,and 7. A comparison of Fig. 2, 
subject L.S. of that paper with the plethysmographic 
record shown here in Fig. 2 indicates that in this 
subject the hypersensitivity of the vessels of the 
denervated toe is demonstrable by both thermometric 
and plethysmographic methods. Figs. 8 and 9 
provide additional examples of this plethysmographic 
effect. 

Despite the above, certain discrepancies have been 


noted between the plethysmographic and_ ther- 
mometric methods. Thus, a comparison of Fig. | 
and Fig. 3 shows that while there was a definite 
difference in the thermometric responses of R.F.2 
and R.F.5 there is little evidence of such a difference 
in the volume tracing. Similarly the temperature 
records in Fig. 4 show greater responses in the toes 
affected by lesions of the posterior tibial nerve 
than in the normal toes, while the plethysmographic 
records from these subjects, one of which is shown 
in Fig. 5, give no indication of this difference. 
These discrepancies appear to be explained by two 
findings of Elliott (1905). He found that cold 
potentiates the action of adrenaline and Ascroft 
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Fic. 3.—Plethysmographic record (x<1/,) of subject S.W. Conventions as in Fig. 2, with the addition of a central 


tracing of a preganglionectomized digit in which a downstroke represents an increase in volume. 
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(1937) noted this with particular reference to 
denervated tissues. Some evidence of this is seen 
in Fig. 4, because after warming the room the 
difference in responses of the normal and affected 
tocs became somewhat less marked. In_ the 
plethysmographic technique used here the environ- 
mental temperature of the digits must approach 


is destroyed, an increased irritability to chemical 
agents develops in the isolated structure or structures, 
the effect being maximal in the part directly 
denervated.”” This concept may be criticized on 
the grounds that it ignores a qualitative difference 
in the reactions of tissues which are subjected to 
degenerative and non-degenerative nerve section. 
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Fic. 4.—Temperature charts of subjects A.M. and J.P. 
the charts. 


The lower line of blocks if filled indicate arms in water at 18° C.; 


Lines representing the different digits are identified on 
if empty in water at 44°C. 


Blocks with oblique hatching show rate of intravenous injection of adrenaline. 


blood temperature so that this potentiating factor 
would be absent. 

Elliott also noted that in denervated tissues, not 
only was the threshold to adrenaline lowered, 
but that the response was unusually prolonged. 
Evidence of this was found in almost every thermo- 
metric record as shown by a continuation of the fall 
in digital temperature throughout the period of 
injection. It seems probable, therefore, that the 
brief injections used in the plethysmographic 
experiments would be less likely to display the full 
extent of the abnormal response to adrenaline than 
would the longer injections used in the thermometric 
records. 











It will be seen in Fig. 1 that the primary difference 
between the digit (R.F.2) to which the nerves have 
degenerated and the digit (R.F.5) to which the 
nerves are intact but have been sectioned proximal 
to the ganglion, is not a matter of threshold but a 
matter of type of response. The denervated digit 
appears to show very little accommodation to 
adrenaline in comparison to the preganglionecto- 
mized digit. That this is not due to an inability 
of. the vessels of the denervated digit to react 
rapidly is shown by the response in Fig. 3. While 
the term ‘“ accommodation ” does not seem quite 
appropriate in this usage it is employed for want 
of a more adequate expression and to draw attention 
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Fic. 5.—Plethysmographic records (x !/,) of subject J.P. Conventions as in Fig. 2 


The present observations, which are reassuringly 
consistent with those of Elliott, permit a suggestion 
to be made with reference to the theory of denerva- 
tion sensitivity. Cannon (1939) has generalized 
previous observations in a law of denervation which 
states ‘“‘ when in a series of efferent neurons a unit 


to the similar lack of ‘‘ accommodation” in 
denervated skeletal muscle described in paper I. 
An attempt to obtain further support for this 
observation by comparing the responses of 
denervated digits with normal digits has been 
unsatisfactory, as indicated in Fig. 6. This figure 
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Fic. 6.—Temperature chart of subject B.K. Patient sat with legs in hot water for 30 min. before start of chart. 
Conventions as in Fig. 1. _ 


shows that there was no difficulty in demonstrating 
the response of denervated vessels, but it is impossible 
to be sure that part of the reaction in the normal 
digit was not mediated by nervous influences. Fig. 7, 
which is an enlargement of a section of Fig. 4, 
offers a similar difficulty in interpretation. Because 
of this, these observations have not been extended. 

It is tentatively concluded that an essential 
difference exists between the sensitivity developed 
after degenerative and after non-degenerative section 
of sympathetic nerves, the former producing a loss 
of “‘ accommodation” not produced by the latter, 
though both have a lowered threshold to adrenaline. 


The Secretion of Adrenaline 


In studying the effects of denervation on the 
circulation of the digits it was necessary to ascertain 





the circumstances and extent of the secretion of 
adrenaline in man. 

In paper B it was shown that a circulating vaso- 
constricting substance was present at times, and 
this was assumed to be adrenaline. No evidence is 
advanced here to prove this supposition, and it 
may be noted that Wilkins and Eichna (1941) 
appear to be the only workers to have offered 
evidence on this point. Using sympathectomized 
limbs they found that emotional stimuli caused a 
vasodilatation in muscle, while this was absent after 
bilateral splanchnicectomy. For confirmation the 
observations made in cases of pheochromocytoma 
might be cited. Ina case reported by Engel et ai. 
(1942) emotion produced all the signs associated 
with a large injection of adrenaline, while these were 
absent after remov | of the tumour. Thus there is 
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Fic. 7.—Temperature chart of subject J.P. An extract from Fig. 4. 


in man good evidence that the hormone is adrenaline 
and this is particularly acceptable because it has 
been so frequently proven in animals. Moreover, 
evidence of an adrenaline-like substance has been 
fo:nd in man in such conditions as hypoglycemia 
(Freeman et al., 1934), emotion (Wilkins ef al., 1941), 
and struggling (Grant, 1935), while similar conditions 
have been shown to liberate adrenaline in animals. 
It is concluded, therefore, that in attributing the 
effects to be described to the action of adrenaline 
there is little possibility of error. 

These results are reported to demonstrate (1) the 
type of stimulus which evokes the release of adrena- 
line, (2)'a dissociation between the nervous and 
hormonal actions of the sympathetico-adrenal 
system, (3) the amount and duration of adrenaline 
secretion. 

(1) Type of Stimulus.—Subjects were examined 
by the plethysmographic method and given various 


stimuli which have been shown (Bolton et al/., 1936, 
Stiirup et al., 1935) to cause neurogenic vaso- 
constrictions. Before the start of the experiment 
the subjects were told to sit quietly with their eyes 
closed and instructed to take a deep breath at 
command and then to resume normal breathing, to 
do sums in mental arithmetic and to give the answer 
when requested. At intervals throughout the 
experiment the subjects were given 4-5 quick stabs 
with a pin and at times a loud sharp noise was made. 
The results of such stimuli are shown in Figs. 2, 3, 
4,8, and 9. It has been consistently found that no 
definite vasoconstriction in response to a deep 
breath, pin prick or loud noise occurred in digits 
denervated by ulnar, median or sciatic nerve lesions. 
This confirms the observations of Bolton ef al. 
(1936). However, in response to a sum a vaso- 
constriction not infrequently was found to occur 
10-20 secs. after the vasoconstriction in the normal 
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Fic. 8.—Plethysmographic record (x !/,) of subject L.R. Conventions as in Fig. 2, with the addition of a tracing of 
the pulsations of the left calf recorded from a cuff at a pressure of 115 mm. Hg. An increase in size of pulse wave 


indicates an increase in systolic blood pressure. 
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digits. This at times was associated with a further 


vasoconstriction in the normal digit (Fig. 5). To 
_exclude the possibility that these diminutions in 
digital volume were due to a fall in blood pressure 
coincident records were obtained of the pulsations 
of a blood pressure cuff inflated to just below systolic 
pressure. In Fig. 8 it is seen that no fall in blood 
pressure occurred to account for the fall in finger 
volume. These observations indicate that a mental 
stimulus is especially apt to cause the secretion of 
adrenaline. However, it was shown in paper B 
that intense pain and the excitement of venipuncture 
could produce a vasoconstriction in denervated 
digits attributable to adrenaline and in paper C 
a marked vasoconstriction was produced in subject 
J.M. by immersion of the feet in very hot water. 

It is concluded from these experiments that 
stimuli considered to be of emotional significance 
to the individual cause a release of adrenaline. 
This is in accordance with the results of the authors 
cited above. 

The relationship of adrenaline to the thermoregula- 
tion is more difficult to determine. Cannon et al. 
(1926) have concluded from the increase of metabolic 
rate that occurs before the onset of obvious shivering 
when a subject is cooled that adrenaline is liberated 
to play one of its roles as a homeostatic agent. 
That this method of detecting adrenaline is unsatis- 
factory follows from the work of Burton and Bronk 
(1937) who showed that increased muscular activity 
long precedes the onset of any gross shivering move- 
ments. The use of digital vessels sensitized to 
adrenaline by the section of their sympathetic 
fibres is a method without objection provided that 
the whole of the vascular tree of the limb has been 
decentralized. In this category fall three subjects, 
S.W., S.S., and S.B., in whom adrenaline sensitiza- 
tion was demonstrated. Pertinent experiments 
on subject S.W. are shown in Exps. 9 and 10, Fig. 5, 
in paper B. In Exp. 9, vasoconstriction occurred 
in response to immersion of the feet in cold and was 
relieved by subsequent immersion in hot water. 
This vasoconstriction might be associated with 
thermoregulation or with the sensory and emotional 
response to the cold stimulus similar to that which 
occurs from pain. That the latter explanation is 
correct is suggested by the fact that there was no 


evidence of such a response in Exp. 10, and in both 
experiments there was no evidence of inhibition 
of adrenaline secretion when the body was initially 
warmed. In subject S.S., Fig. 6, of paper B, there 
was both vasodilatation on immersion of the feet 
in hot water and vasoconstriction when the body 
was cooled. This would be indicative of a release 
of adrenaline being intimately associated with 
thermoregulation, but subject S.B., Fig. 4, Exp. 31, 
paper B, showed only the slightest signs of a similar 
type of response. Duthie and Mackay (1940) have 
described this type of response in sympathectomized 
limbs, but they ascribed it to the persistence of 
vasodilator fibres. It is obvious that this explanation 
is insufficient in view of the fact that such changes 
occur after section of all the nerve fibres. 

It may be noted that the literature affords no 
unequivocable examples in the human of the release 
of adrenaline in response to body cooling. Free- 
man (1935) has shown that placing ice on a subject’s 
body induces a vasoconstriction in sympathecto- 
mized limbs but this is probably due to the psycho- 
genic aspects of the stimulus rather than to the need 
for thermoregulation. Moreover, Wilkins and 
Eichna (1941) could find no evidence of such a 
release in response to body cooling. It may also 
be of some importance that Howard and Barker 
(1937) in reviewing the circumstances which have 
been reported to induce the liberation of adrenaline 
from pheochromocytomata record no instance where 
the need for thermoregulation was a recognized 
cause. In animals Cannon et al. (1926) have found 
that adrenaline was released when cats were cooled 
by gastric lavage with cold water. It may be that 
other circumstances than heat loss were responsible 
for this release because Grant (1935) found that the 
sympathectomized vessels of rabbit’s ears con- 
stricted in response to a great variety of stimuli but 
not to that of heat loss, and Hemingway and 
Hathaway (1941) have also presented evidence con- 
troverting the theory of Cannon. 

This discussion may be summarized by saying 
that adrenaline liberation in the human is com- 
monly caused by stimuli which appear to be of 
emotional significance while the necessity for heat 
conservation is a more variable and less constant 
cause of such liberation. It would seem, therefore, 
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that Cannon’s original view of the association of the 
secretion of adrenaline with mental excitement is 
more correct at least for the human than his later 
modification of the emergency theory (1929) which 
invokes the participation of adrenaline in many of 
the ceaseless variations in bodily function required 
to maintain the “* milieu interieur.” 


Dissociation between the Nervous and Hormonal 
Actions 


Cannon has developed an holistic conception of 
the functioning of the sympathetic part of the auto- 
nomic nervous system. He states (Cannon, 1932) 
“ The sympathetic (innervation) is like the loud and 
soft pedals, modulating all the notes together ”’ and 
this opinion has won the approval of White and 
Smithwick (1942). It is hardly necessary to indicate 
that this conception cannot be meant to apply 
universally to the sympathetic nervous system 
because the activation of sweat glands occurs in 
the presence of inhibition of vasoconstrictor fibres. 
However, it might not unreasonably be held to 
imply that the release of adrenaline and neurogenic 
vasoconstriction were always intimately associated. 

The observations reported here do not support 
such a contention. It has been pointed out above 
that the neurogenic vasoconstriction associated 
with a deep breath is not associated with the release 
of adrenaline ner is the neurogenic vasoconstriction 
in response to undue loss of heat necessarily 
associated with release of adrenaline. In this study 
no clear indication was found of the reverse effect, 
i.e. adrenaline release not associated with neurogenic 
vasoconstriction, but a particularly striking example 
of this has been furnished by Freeman et al. (1934). 
Their Fig. 3 shows that in response to hypoglycemia 
adrenaline was liberated and was associated with 
vasodilatation in the normally innervated hand. 
That inhibition of vasoconstrictor fibres occurs in 
hypoglycemia has also been indicated by Abramson 
et al. (1939). 

It is clear, therefore, that within the sympathetico- 
adrenal system there are different patterns of 
behaviour elicited by stimuli of different types. 
Such physiological manifestations are also in accord 
with the central organization of the sympathetic 
system because separate spinal pathways have been 
demonstrated for pupillary, sweat, and vasomotor 
impulses (Duthie et al., 1940, Stead et al., 1942). 
The opinion may even be ventured that a distinct 


pathway also exists for impulses actuating the 
adrenal medulla. 


The Amount and Time Course of Adrenaline Secretion 


To assay the amount and duration of adrenaline 
secretion comparisons were made between the effects 
of mental stimuli and the effects of intravenous 
injections of adrenaline. In several instances the 
vascular effects of naturally occurring adrenaline 
have been fairly closely mimicked by intravenous 
injections and so permit the deduction that they 
were produced by concentrations of adrenaline 
similar both in amount and in time. Thus, in 
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paper B, Fig. 2, subject L.S., venipuncture induced 
a secretion of adrenaline not far removed from 6 pg. 
per minute for five minutes. In Fig. 5 of this paper 
a sum is seen to have caused the same vascular 
effect as 0-5 yg. adrenaline injected over the course 
of 1-2 seconds, while Fig. 9 shows that in subject 
A.H. the response to mental exercise was fairly 
stereotyped and caused a secretion of adrenaline, 
probably in the region of 0-1 ug. within 1-2 seconds. 
In certain subjects such as S.S., paper B, Fig. 6, 
a continuous secretion of adrenaline has had to be 
presumed in order to account for a vasodilatation 
when the body was warmed. No satisfactory 
estimate of the rate of this secretion has been made 
but it is probably less than 1-0 wg. per minute. 
These observations indicate that the adrenal 
medulla is capable both of liberating gushes of 
adrenaline in a brief space of time and of main- 
taining a secretion for long periods. The stirnuli 
used to elicit this secretion have been mild and it 
cannot be doubted that many of the annoyances 
of every day life would result in a considerably 
greater release .of adrenaline. It is considered 
that this adds further force to the conclusions of 
paper B that circulating adrenaline may initiate 
a persistent vasoconstriction in denervated digits. 


Summary 

The action of adrenaline injected intravenously 
and liberated naturally has been studied in denervated 
and sympathectomized digits. 

The vessels of denervated digits, because of the 
degeneration of their sympathetic fibres, showed a 
lowered threshold and a prolonged response to the 
action of adrenaline. 

The vessels of preganglionectomized digits showed 
only a lowered threshold. 

It was considered probable, therefore, that the 
phenomena of denervation sensitivity were essentially 
different in these two circumstances. 

Adrenaline was found to be liberated in the body 
in response to stimuli which had a psychogenic 
component. 

Conflicting results were obtained concerning the 
function of adrenaline in temperature regulation, 
and it was inferred that the need for heat con- 
servation did not consistently evoke the secretion of 
adrenaline. 

A peripheral neurogenic vasoconstriction was not 
necessarily accompanied by the release of adrenaline. 

It was found that adrenaline could be liberated 
in the body in amounts comparable to the rapid 
intravenous injection of 2-0 wg. and for longer periods 
at the rate of 6-0 wg. per minute. 

It was considered that under other circumstances 
much larger amounts might be liberated and would 
suffice to initiate a persistent vasoconstriction in a 
denervated digit. 
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THE influence of the vasomotor nerves on the 
circulation in the fingers and toes is readily demon- 
strable and has been extensively studied. It is, 
however, much more difficult to demonstrate the 
nervous regulation of the circulation in the skin of 
the proximal parts of the limbs and relatively few 
observations bearing on this aspect of the circulation 
have been recorded, while only Grant and Holling 
(1937-8) have made it the object of detailed study. 

These authors found that very intense warming 
of the body produced an increased flow of: blood 
in the skin of the limbs proximal to the hands and 
feet and by their method of occluding the circulation 
distal to the points under observation they were 
able to show that this increase was local and not 
merely a reflection of the changes occurring more 
peripherally. They then made experiments to 
elucidate the nature of this vasodilatation. They 
demonstrated that body warming failed to cause 
this vasodilatation after section of the sympathetic 
nerves or after cutting or blocking the local nerve 
supply of the skin. They next demonstrated that 
a local nerve block when the subject was cold did 
not cause a vasodilatation such as results in the 
digits and they made the complementary observa- 
tion showing that a nerve block in the presence of 
vasodilatation caused a vasoconstriction. From 
these facts they concluded that the blood vessels 
of the skin of the proximal part of the limbs are 
supplied by vasodilator nerves of sympathetic 
origin. 

In reporting their observations Grant and Holling 
ieft two points for future clarification. The first 
of these was in regard to the importance of the part 
played by the activity of the sweat glands in deter- 
mining the vasodilatation, though it was considered 
that this was likely to be small because a temporal 
coincidence of sweating and vasodilatation was 
sometimes absent. The second question related to 
explanation of the vasodilatation which they observed 
in the skin of the proximal parts of the limbs for the 
first week following sympathectomy. 

It is the purpose of this paper to record results 
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substantiating those of Grant and Holling and to 
contribute to the solution of these two problems. 


Methods 


The circumstances under which the observations were 
made were essentially those described in paper A. The 
skin temperature was measured with thermocouples held 
in place by narrow strips of adhesive plaster 2 cm. from 
the junction and this temperature was used as an index 
of the blood flow. The thermocouples and surrounding 
skin were covered with a layer of oil to minimize the 
effect of evaporation. To rule out changes in tem- 
perature consequent on variations in flow in the veins 
care was taken to locate the couples away from the 
venous channels and in each experiment the venous back 
fiow distal to the couple was stopped for 10-15 minutes 
to prove that the proper precautions had been taken. 
The several instances in which blocking the venous back 
flow caused a fall in temperature have been excluded 
from consideration. The subjects are described in 
paper A. 

Results 

In Fig. 1 are shown the results obtained from 
subject S.S. with a cervical ganglionectomy of three 
months’ duration and from subjects H.D. and N.T. 
with lesions of peripheral nerves. It will be seen 
that in response to body warming the normally 
innervated areas showed an increase in temperature 
that was not dependent on an increased return of 
blood from the hands or feet. In areas in which the 
skin had lost either its sympathetic supply or its 
total innervation there was no response to prolonged 
heating of the body. These results, which have 
been confirmed in three other experiments on sub- 
jects with peripheral nerve lesions, confirm the 
observation of Grant and Holling on a patient with 
a lesion of the external popliteal nerve. 

Four experiments were made to determine the 
effect of blocking various nerves when the subjects 
were cool. The internal saphenous, the external 
popliteal, the internal and the external cutaneous 
nerves of the forearm were blocked with 5-10 c.c. 
of 2 per cent. procaine in 1—50,000 adrenaline. In 
confirmation of Woollard and Phillips (1932-3) 
and Grant and Holling these procedures produced 
no alteration in skin temperature despite a complete 
interruption of conduction in the nerves as shown 
by loss of appreciation of pin prick and light touch. 
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Fic. 1.—Temperature charts of various subjects, abscisse are time in :nin. and ordinates are °C. The temperature 
of the skin affected by the nerve lesion is represented by a continuous | ne while that of the normal contralateral area 
is represented by a line broken by three dots. The lines representing the temperature of the digits are indicated on 
the charts, F.2 indicates the index finger, while T.1 indicates the great toe. The blocks at the bottom of the charts 
show when empty that the indifferent limbs were immersed in water at 44° C., when solid in water at 18—-20° C. The 
transverse line labelled cuff indicates the period during which the circulation of the hand or feet was occluded. In 
the cases of S.S. and H.D. the couples were on the lateral aspect of the upper arms while in that of N.T. they were 





on the medial aspect of the leg. 


One experiment was made to determine the effect 
of local nerve block when the subject was warm. 
The result, which is shown in Fig. 2, indicates that 
vasoconstriction occurred following the nerve block. 

These experiments confirm the results and deduc- 
tions of Grant and Holling and it may therefore be 
confidently concluded that sympathetic fibres cause 
an active vasodilatation in the skin of the proximal 
parts of the limbs in response to intense body 
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Fic. 2.—Temperature chart of a female volunteer, 
conventions as in Fig. 1 except that the continuous line 
represents the temperature of a point on the centre of the 
area supplied by the external cutaneous nerve of the 
forearm. This nerve was blocked by 5 c.c. 2 per cent. 
procaine in 1—50,000 adrenaline at the time indicated 
by the arrow. The temperature of three other points 
nearer the margins of this area showed a less definite 
fall in temperature following the nerve block. 


heating. It may also be concluded from the lack 
of effect of nerve block when the subjects were cold 
that there is no significant vasoconstrictor innerva- 
tion of the vessels of these areas of skin. 
Nevertheless, Warren et a/. (1942) found evidence 
that blocking the cervical sympathetic outflow did 
produce an increased blood flow in the proximal 
part of the limb, and while they did not distinguish 
between the cutaneous and the deep circulation 


they have used this as a basis for criticizing the 
whole concept of vasodilator nerves. As Barcroft 
et al. (1943) have demonstrated vasoconstrictor 
nerves to the muscles of the forearm it was necessary 
to repeat the experiment with particular reference 
to the skin. The right cervical sympathetic chain 
of a normal volunteer was blocked with 2 per cent. 
procaine and 1-—50,000 adrenaline, and the results 
are shown in Fig. 3. It will be seen that the pro- 
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Fic. 3.—Temperature chart of a male volunteer. Con- 
ventions as in Fig. | except that the continuous line 
represents the temperature of an area on the lateral 
aspect of the upper arm. Arrows indicate the time at 
which 5 c.c. of 2 per cent. procaine in 1—50,000 adrenaline 
were injected into the region of the cervico-thoracic 
sympathetic trunk. A complete Horner’s syndrome was 
not obtained until after the fourth injection. 


cedure produced a paralysis of the vasoconstrictor 
fibres to the fingers, a definite Horner’s syndrome 
was also present, but there was no change in the 
skin temperature of the arm. This result therefore 
confirms the deduction that there are no tonic 
neurogenic vasoconstrictor impulses to the vessels 
of the skin of the proximal part of the limbs. 
SUDOMOTOR INFLUENCE ON THE VASODILATATION. 
—It has been noted that Grant and Holling did not 
to their entire satisfaction rule out the influence 
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of the activity of sweat glands in the production 
of the vasodilatation. Carmichael (1943) suggested 
that this might be done by utilizing the paralysing 
action of atropine. The experiment, reported in 
Fig. 4, was therefore performed and it will be seen 
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Fic. 4.—Temperature chart of a female volunteer, con- 
ventions as in Fig. 1 except that the continuous line 
represents the temperature of a normal area on the 
lateral aspect of the upper arm. Circles indicate mouth 
temperature. 1-5 mg. atropine was injected sub- 
cutaneously into the left arm at the time indicated by the 
arrow. 


that the vasodilatation was not decreased, although 
there was a complete cessation of sweat production. 
The change in skin temperature was in fact indicative 
of a vasodilatation, but as it was proportional 
to the rise in the body temperature it may be con- 
cluded that no alteration actually occurred in the 
blood flow. 

Atropine perhaps does not completely prevent 
all nervous activation of the sweat glands, but 
Barcroft (1901) has shown in the case of the salivary 
glands that it prevents the increase of O, usage. It 
is reasonable to assume that the metabolism of the 
sweat glands would be similarly affected. Therefore 
it seems unlikely that the activation of the sweat 
glands determines the vasodilatation in question. 
Certain limitations to this conclusion are implied 
by the consideration that impulses in the sudomotor 
fibres may release a diffusible vasodilator substance 
belonging either to the choline or to some other 
group whose action on the blood vessels is not 
prevented by the amount of atropine given in this 
case. 

CAUSE OF VASODILATATION FOLLOWING SYM- 
PATHECTOMY.—Reference has been made to the 
finding of Grant and Holling in two cases of lumbar 
sympathectomy that the temperature of the skin 
of the legs was elevated for 5-6 days following 
operation. They were unable to reconcile this 


with their other results and discussed the two. 


following possibilities. 

1. A sympathectomy would have an effect on 
all the vessels of the limb, whereas a nerve block 
would only influence the terminal vessels. It is 
therefore possible that a vasoconstriction in the 


proximal vessels might prevent an increased blood 
K 





flow following a block of a peripheral nerve. This 
possibility may be excluded because it has been 
found here that a procaine block of the sympathetic 
chain is similar to a block of a peripheral nerve in 
that neither induces a vasodilatation. 

2. The products of nerve degeneration might 
cause vasodilatation and these would be absent 
in a nerve block, but present after a sympathectomy. 
This theory had certain attractions, for as Grant 
and Holling observe it would be a counterpart of 
the theory which Trotter and Davies (1909) evolved 
to explain the hyperesthesia following nerve section. 
It was also attractive because it could be put to 
experimental test. Accordingly a branch of the 
long saphenous nerve was crushed in a volunteer. 
The area denervated is seen in Fig. 5 in which is 





Fic. 5.—Photograph of the sweat response to body 
heating of a male volunteer six weeks after crushing a 
branch of the long saphenous nerve. The site of the 
incision is indicated by the area of anhydrosis just below 
the knee. 


shown the sweat response to body heating 6 weeks 
after operation. The area of sensory loss was 
slightly greater than the area in which sweating 
was lost. The flare response tested with histamine 
was also absent. Temperatures were taken from 
20 points on the leg daily for 1 week preceding 
and 2 weeks following operation and thereafter 
at irregular intervals. The leg was exposed for 
20-30 mins. at room temperature of 20° C. before 
each series of readings. No difference in tem- 
perature of the denervated and normal areas 
developed till the 5th day. At that time the 
denervated areas was found to be about 1°C. 
cooler than the adjacent regions and this difference 
with minor variations persisted for 6 weeks when 
the observations were discontinued. It is apparent, 
therefore, that the degeneration of nerves is not 
necessarily associated with vasodilatation. 
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Since the publication of Grant and Holling’s 
paper Smithwick (1940) has shown that section of 
preganglionic sympathetic fibres causes the decen- 
tralized cells to initiate impulses for the succeeding 
5-6 days. It is not improbable, therefore, that the 
vasodilatation found after sympathectomy was due 
to discharges in the vasodilator fibres which were 
decentralized by the operation of lumbar sym- 
pathectomy. Other factors such as the anesthetic 
and absorption from traumatized tissues might 
also be involved in the causation of the vasodilata- 
tion. It will be seen, therefore, that this pheno- 
menon need present no obstacle to the complete 
acceptance of the main thgsis of Grant and 
Holling. 

It is of interest to note that Trotter and Davies 
(1909) reported that vasodilatation follows section 
of a peripheral nerve supplying the skin of the 
proximal parts of the limb. It is possible that their 
observations resulted in part from a dependence 
on subjective methods of determining the tem- 
perature. The fallacy of this method was well 
demonstrated in the present instance, because when 
the subject tested the denervated areas with his 
cool fingers it felt distinctly warmer than the 
remainder of the leg. The cause of this was found 
to be a mistaken localization of the sensation, 
because when the fingers were warmer than the leg 


the denervated area seemed to be cooler than the 
remainder. 


Summary 

The views of Grant and Holling concerning the 
vasomotor innervation of the skin of the proximal 
parts of the limb have been summarized. 

Their experiments have been repeated and con- 
firmed in detail and their conclusion that vaso. 
dilatation is brought about by stimulation of 
cutaneous sympathetic nerves has been substantiated, 

Fresh evidence has been brought to show that 
the vasodilatation is not dependent on the activity 
of the sweat glands. 

Evidence has also been produced to show that 
the vasodilatation following sympathectomy need 
present no obstacle to the acceptance of these 
conclusions. 
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Tue need for inquiries into the physiological 
mechanisms underlying the secretion of. sebum is 
indicated, not only by the lack of information con- 
cerning this function of the skin, but also by the 
fact that it has not as yet been determined how far 
perversions of secretion are the cause of various 
pathological conditions such as seborrheeic der- 
matitis. In these circumstances it seemed desirable 
to ascertain to what extent the sebaceous glands 
are under the control of the nervous system. The 
results of an investigation directed to this end will 
be reported in this paper, but it is first necessary 
to indicate the background of the study. 

As is well known the sebaceous glands are 
holocrine in nature and the secretion is the end 
product of cellular disruption. Ona priori grounds 
it would seem unlikely that these glands would be 
activated by nervous influences, but Boeke (1934) 
has described a plexus of nerves investing the glands. 
He considered it to be sympathetic in origin and 
excitor in function though he noted that the 
individual cells are not innervated. Moreover, 
many authors such as Stein (1926), Pachur (1931), 
and Serrati (1938) have reported that sebaceous 
secretion is disturbed in various affections of the 
central nervous system, most notably in chronic 
encephalitis lethargica. Details of unilateral dis- 
turbances of secretion are furnished by Serrati. 
This has led to the tacit assumption that the 
sebaceous glands are activated directly by nerves. 
In further support of this position are the observa- 
tions of Arloing (1891) on the ear of the ass which 
lead him to believe that the sympathetic fibres 
exerted both an excitatory and an inhibitory action. 
Also frequently quoted is the case of supra-orbital 
neuralgia reported by Marschalko (1905) in which 
a seborrheeic condition existed in the area supplied 
by the nerve. Abel (1936) also appears to concur, 
for he states that sympathectomy abolishes sebaceous 
secretion. Contrary opinions indicating that the 
glands are not directly under nervous regulation 
are expressed in Starling’s text book (1936) and by 
Goldsmith (1936). This would seem to be the view 
of the majority at the present time, but the literature 
does not reveal any reason for modifying the 
statement of Reid (1898) that “* Nothing is definitely 
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known as to the existence or not of any action of 
the nervous system upon the sebaceous glands.” 


Method 


The method used to assay the amount of sebaceous 
secretion is a modification of that employed by Serrati. 
The areas of skin under observation were wiped gently 
with cotton wool moistened with ether and then left 
exposed to the air for a time. They were then wiped 
thoroughly with grease free filter papers moistened with 
ether. The filter papers were dried in a vacuum 
chamber and weighed. The weight of the paper was 
subsequently obtained after extracting the grease with 
ether and drying. The difference of these weights 
indicated the amount of ether-soluble material which 
had been adsorbed on to the papers from the skin. The 
areas of skin on which the individual estimations were 
made varied from 200 to 300 sq. cm. and the results 
are expressed in the amount per 100 sq. cm. The 
limitations of the method were indicated by the following 
procedures. Measurements made immediately after the 
preliminary cleansing resulted in figures of 1-0 to 2:0 mg., 
while a comparison of the amount of sebum obtained 
from two symmetrical areas on the face of a normal 
subject after an interval of 1 hour showed a disparity 
of 2 mg. on one occasion and 3 mg. on another. It 
would appear, therefore, that differences of 3 mg. or 
less as estimated by this method are without significance 
and may be due to incomplete removal of the sebum 
from the skin or to other errors introduced in weighing 
or in extracting the fat from the filter papers. 

The subjects are described in paper A and they had 
skin of normal appearance. 


Results 
The results are expressed in Table I. 























TABLE I 
Subject | Time | Areas under observation 
| Right face | Left face 
(sympathecto- (normal) 
mized) 
S.S. 12 hr. 17 mg. 14 mg. 
| 1°5 hr. 11 mg. 12 mg. 
Right arm Left arm 
(denervated) (normal) 
S.B. 1 hr. 7 mg. 6 mg. 
| | Face Face 
(subject cold) | (subject warm) 
M.V. | 
(normal) | Jhr. | 15 mg. 13 mg. 
| } 
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Subject S.S.. who had a right stellate ganglionec- 
tomy. of 4 months duration exhibited no difference 
in sebaceous secretion on the two sides of the face 
as is shown by the equal values obtained from the 
normal and from the sympathectomized area after 
intervals of 1-5 and 12 hours. This indicates that 
sympathetic fibres are not requisite for the activity 
of the glands. Subject $.B., who had a complete 
lesion of the right brachial plexus of 5 months 
duration showed an equal secretion on the two arms. 
Therefore, sebaceous glands can function in the 
absence of all nerve fibres. Nevertheless, it seemed 
possible that the amount of sebum estimated in 
these two cases might represent a basal level of 
secretion and that the influence of netvous regula- 
tion might be only appreciable in certain circum- 
stances. An effort was made to discover these 
circumstances by comparing the amount of secretion 
when the individual was cold and when warm. On 
one occasion a normal male volunteer was kept 
shivering for an hour with his legs in cold water, 
while on another, he was kept warm and gently 
sweating for an hour. The amounts of sebum 
collected from the face on these two occasions 
were approximately equal, indicating that the 
activity of the sebaceous glands is not modified by 
the thermal needs of the body. Thus no reason 
was found to qualify the conclusion that the 
sebaceous glands function independently of the 
peripheral nervous system. 

Supplementary observations were made on two 
other processes occurring in the skin. The growth 
of hair was estimated by measuring the length of 
all the hairs in a given small area 10 days after 





shaving. In Fig. | is shown the distribution curves 
| NT. L. Femoral 
Hair Growth on the legs ——-L Leg Medial, Surface | 
2 days after A en 
25K=s a _ *- — — *L.Leg Laferal Surface 
2 shaving. ee : 
} Mee re ° --@R.Leg Medial Surface 
co 1 : 
alt ri : oo oR Leg Laleral Surface 
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° 
© Length 
40 mm 


Fic. 1.—Chart showing the lengths of 40-50 hairs 
10 days after shaving on a denervated area on the medial 
side of the left leg compared to those on control areas. 
Key to symbols given on the face of the chart. 














of the lengths of 40-50 hairs on a denervated and on 
control areas. Similar results were obtained on 
subject C.B. It is clear that loss of nerve supply 
does not affect hair growth. 

It was considered that if denervation affected the 
cells of the epidermis this might be disclosed by 
microscopic examination. Available for this pur- 


pose was the leg of subject S.H. which was amputated 
because of an irreparable lesion of the sciatic nerve 
of 18 months duration. Skin from a denervated 
area on the lateral aspect was compared to that 
from a normally innervated area on the medial 
aspect of the leg. Microscopic examination of 
hematoxylin stained preparations revealed no 
abnormality in any of the constituents of the skin 
and in particular cellular metaplasia in the epidermis 
appeared to have been progressing in a normal 
fashion in both areas. 


Comment 


It was indicated in the introduction that little 
progress has been made in our knowledge concerning 
sebaceous secretion. This, however, only applies 
to the nervous factor in its regulation. Definite 
advances have been made by Emanuel (1938) and 
by Serrati (1938) in delineating the course of 
secretion under normal conditions. Their findings 
indicate that when the sebaceous material is 
removed from the skin it is replaced by the action 
of the glands, at first rapidly and then more slowly, 
so that at the end of 1 hour approximately 50 per 
cent. is replaced, but the original amount is not 
replaced for 3 hours or longer. This has been 
interpreted by both authors to mean that sebaceous 
secretion ceases when a layer of sebum of normal 
thickness is reformed. Emanuel considered that an 
inhibitory influence was exerted on the glands by 
the pressure of the sebaceous layer, while Serrati 
invoked the mediation of nerves. However, their 
findings are equally well explained by the assumption 
that sebaceous material is being constantly extruded 
from the glands and is at the same time being 
reabsorbed through the skin; it being known 
by analogy to lanoline that such absorption can 
occur. The thickness of the layer and its site of 
formation would therefore be determined by the 
relative rates of production and absorption. With 
the passage of time the layer of sebaceous material 
would become more diffusely spread over the surface 
of the skin leading to an increasing rate of absorp- 
tion. At some point this would equal the rate of 
secretion and make it appear as though secretion 
had ceased. Thus it is possible to conceive that 
sebaceous secretion is simply a manifestation of 
the growth of the cells of the glands and as such 
would not be influenced directly by the nervous 
system. In agreement with this concept is the 
finding that hair-growth and the metaplasia of the 
cells of the epidermis is similarly unaffected by 
deprivation of direct nervous influences. 

It might be considered that the results recorded 
here demonstrating an equal replacement of 
sebaceous. material on denervated and on normal 
areas could be explained by a co-existing defect in 
secretion and absorption, the latter being deter- 
mined either by an abnormality of the skin or of the 
secretion. This, however, is unlikely because it 
was shown in subject S.S. that not only was the 
final balance between secretion and absorption the 
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same on the two sides, but that the rate of replace- 
ment as judged by the amount present at the end of 
1°5 hrs. was also the same. 

On the basis of the present concept of sebaceous 
secretion it may be assumed that the physical state 
of the skin would influence the relative amounts of 
sebaceous material being formed and being absorbed. 
Thus, before assessing the significance of the 
unilateral disturbance demonstrated by Serrati in 
cases of hemiplegia it would be necessary to know 
if alterations in temperature or blood flow were 
present in the extremities. The abundant secretion 
encountered in cases of encephalitis lethargica is of 
great interest because the present results would 
indicate that it is due to some disturbance of hor- 
monal regulation. Obviously, before such a sug- 
gestion can be entertained it will be necessary to 
show that in these individuals as in normal subjects 
the sebaceous secretion is independent of the 
peripheral nervous system. 


Summary 
Sebaceous secretion has been estimated in a 
subject with a sympathectomy and in a subject 
with a lesion of the brachial plexus. 
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No evidence was found that the activity of the 
sebaceous glands is directly under the control of 
the nervous system. 

By analogy with the growth of hairs and of the 
epidermis it was concluded that sebaceous secretion 
is the result of a continuous growth process of the 
cells of the sebaceous glands. 
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STUDIES IN DENERVATION 


H.—THE EFFECT OF ELECTRICAL STIMULATION ON THE 
CIRCULATION AND RECOVERY OF DENERVATED MUSCLE 


BY 


J. DOUPE,* R. BARNES, and A. S. KERR 
(From the E.M.S. Hospital, Winwick. nr. Warrington) 
(RECEIVED 14TH OcTOBER, 1943) 


One of the commonest adjuncts to the treatment of 
peripheral nerve injuries is the electrical stimulation 
of the paralysed muscles. Despite the nearly 
universal employment of this procedure for over 
40 years there is still doubt as to its value. That 
the experience gained in the last war resulted in no 
definite decision is evident from the conflicting views 
expressed by W. J. Turrell, W. R. Bristow, F. 
Hernaman-Johnson and others in a discussion of a 
paper by Burke (1918). At present it would appear 
that the majority of physiotherapists as represented 
by Kovacs (1940), Cowan (1940), and Mennel 
(1942) regard the treatment as being of value. 
However, Langley and Hashimoto (1918) have 
stressed the difficulty of assessing its worth in the 
human because of the many variable factors affecting 
the recovery of function after lesions of peripheral 
nerves. 

A demonstration of this variability of recovery is 
given in Fig. 1, in which is plotted the time to the 
first return of voluntary power of the extensor carpi 
radialis in an unselected group of patients with 
lesions of the musculo-spiral nerve. The cases 
without division of the nerve show a wide distribu- 
tion unrelated to the level of the lesion and they are 
therefore unsatisfactory for evaluating the effects 
of therapy. The cases in which the musculo-spiral 
nerve was sutured ran a fairly predictable course, 
and since the results of therapeutic procedures must 
be evaluated in the human, such cases are con- 


sidered the only suitable material for such an 
investigation. 


Observations 

The rate of recovery of muscular power in twelve 
patients following a suture of the musculo-spiral or 
posterior interosseous nerves is shown in Fig. 2. 
All patients with adequate records observed in a 
period of two years have been included, except 
three who showed a complete failure of recovery 
twelve months after suture. In each instance the 
failure was clearly due to difficulties encountered at 
operation. 

Muscle power was assessed according to the 





* Working on behalf of the Medical Research Council. 


recommendations of the: Peripheral Nerve Injuries 
Committee of the Medical Research Council, by the 
use of a numerical classification wherein 0 indicates 
no contraction; 1 indicates a flicker of voluntary 
contraction; 2 indicates strength which is just 
sufficient to produce movement of the joint; 3 
indicates strength to contract against gravity; 
4 indicates moderate power; 5 indicates full power. 
It is obvious that there is a large personal element 
in such observations and in order to minimize 
this factor all estimations were made without 
reference to previous findings. In cases of doubt 
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Fic. 1.—Chart of the times of first appearance of volun- 
tary power of the extensor carpi radialis after lesions of 
the musculo-spiral nerve. Abscisse are times in months 
and ordinates the distance of the lesion in cms. above 
the external epicondyle of the humerus. Empty circles 
indicate cases which recovered spontaneously and the 
time is measured from the date of injury. Filled circles 
indicate cases of suture and the time is measured from 
the date of suture. ? mark indicates doubt as to exact 
tune of recovery (see cases P. and M. Fig. 2). 
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Fic. 2.—A series of charts showing the course of recovery following sutures of the musculo-spiral and posterior 
interosseous nerves. Abscisse are time in months, while ordinates represent estimates of muscle strength. The 
continuous line indicates the extensor carpi radialis, the interrupted line indicates the extensor digitorum communis 
and the dotted line indicates the extensor carpi ulnaris. On the left-hand side-of the charts are stated the level of the 
lesion in relation to the external epicondyle of the humerus and the interval between the injury and the suture. The 
area of cross-hatching indicates the period during which electrical treatment was given. 
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intermediate values were used, Attention is directed 
to the fact that not all muscles are equally easy to 
assess. It has been found that the extensor. carpi 
radialis offers little difficulty while the extensor carpi 
ulnaris and the extensor digitorum communis 
present difficulties in ascertaining the presence or 
absence of weak contractions. The supinator 
longus, the recovery of which is very similar to that 
of the extensor carpi radialis, does not lend itself 
to this numerical type of assessment and is not 
satisfactory for the present purpose. Likewise 
the muscles of the thumb, whose recovery resembles 
that of the extensor digitorum communis, are 
unsatisfactory because of the prevalence of trick 
movements. 

Electrical treatment consisted of 15-30 moderate 
contractions of each muscle 5-6 times a week 
induced by interrupted galvanism applied longi- 
tudinally to the muscle. Of the 12 cases 6 received 
treatment for 5 months or longer and the period of 
treatment is indicated by the cross-hatching in 
Fig. 2. In all cases a short cock-up splint was 
applied until extension of the wrist could be 
voluntarily maintained. In addition, all patients 
with the exception of P and K received massage 
3-5 times a week for a period of 6-8 months. 

The cases have been arranged in Fig. 2 in the 
order of the level of the lesion above the external 
epicondyle of humerus. It is obvious from this 
figure and from Fig. 1 that the level of the lesion 
has been the preponderating factor in controlling 
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the time of appearance of the first voluntary con. 
traction following suture of the nerve. The sub- 
sequent progress of recovery is noteworthy for its 
regularity in the extensor carpi radialis and for the 
variability from case to case shown by the extensor 
digitorum communis. This variability is too great 
to be explained by defects in the methods of 
examination and is probably referable to inadequate 
splinting of this muscle. In any event, it is not 
associated with the presence or absence of electrical 
treatment. It will be noted in cases K, P, R, D, 
L, and U, who received little or no electrical treat- 
ment, that there was no significant difference from 
the remaining patients who received treatment for 
periods of 5-18 months either in the time of the 
first return of voluntary contraction or in the rate 
of subsequent recovery. It is also clear from 
reference to Fig. 2 that the favourable recovery 
rates in those patients who did not receive electrical 
treatment cannot be explained on the basis of a 
shorter interval between the time of injury and 
suture. 
It is concluded, therefore, that electrical treatment 
in its customary method of application has no 
beneficial effects on the return of motor power. 
The reason for this lack of benefit has been 
suggested by Fischer (1939) who finds it remarkable 
that clinicians should prefer weak stimulation of the 
muscles when all the experimental work indicates 
the necessity of inducing vigorous contractions. 
His results on animals and those of Solandt and 
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Fic. 3.—Charts showing the effect of electrical.and voluntary exercise on the blood flow of normal and denervated 


muscles. 


of voluntary exercise are limited by vertical lines. 


Abscisse are time in minutes and ordinates are blood flows measured in ccs. per min. per 100 ccs. of tissue. 
Empty circles indicate normal muscles and filled circles denervated muscles. 
stimulation is described on the face of the chart in the blocks indicating the duration of the stimulation. 
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Magiadery (1940) and of Gutmann and Guttmann 
(1942) show that with intensive stimulation atrophy 
can be diminished and recovery promoted. It is 
probable, therefore, that the failure in the human is 
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which all the muscles were denervated. The blood 
flow was measured by determining the rate of 
increase of the volume of the limb during periods 
of venous occlusion, while the circulation distal 
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Fic. 4.—Records (X<?/s) of blood flow estimations in subjects S.B. and A.R. showing the effects of voluntary and 
electrical exercise. The blood flow is measured by the rate of increase of the volume of the arm during periods of 
venous occlusion by the cuff. Time is I-sec. intervals with a double mark every tenth sec. The down stroke in the 
respiratory tracings indicates inspitation. The stimulus line is drawn by a galvanometer in series with patient. A 
downward movement indicates the passage of current and its amplitude the intensity. The frequency cannot be dis- 
cerned at the faster rates, but in subject A.R. the period of tetanus was initiated and terminated by a few stimuli at 
about 30 per min. i 





The line inscribing the volume of the arm moves in an upward direction with an increase in 
volume, while the upper position of the cuff line indicates the application of a pressure of 50 mm. Hg. to the arm above 
the plethysmograph. The duration and frequency of the voluntary exercise is shown by variation in the volume of 
the arm, while during the periods of electrical stimulation the volume in the plethysmograph is increased by the 
contraction of the muscles. 
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not necessary as the whole limb was insensitive. 
The blood fiow of the opposite normal limb was 
measured at another time after resting for one hour 
and the muscle was stimulated voluntarily or by 
electrodes applied over the nerve. 

The results of the experiments are shown in Fig. 3. 
It may be noted that the resting flows are greater 
in denervated muscles than in normal muscles. 
This confirms the observations of Langley and 
Itagaki (1917) on animals and of Wilkins and 
Eichna (1941) on a subject with an old-standing 
brachial plexus lesion. It is also in conformity 
with the findings of Abramson et e/. (1943) in cases 
of long-standing anterior poliomyelitis. It is 
probable that this increased circulation is related 
either to the fibrillation as suggested by. Langley 
or to the inflammatory processes found by Tower 
(1937) to be associated with the atrophy, of the 
muscle fibres. 

The effect of electrically induced exercise on the 
circulation is minimal. In the case of R.A. strong 
contractions of the peroneal and some of the calf 
muscles for 4 minutes at rates of 30 and of 60 per 
minute produced no appreciable effect on the blood 
flow of the denervated muscle. Similar stimulation 
of the normal muscle for 2:5 min. also produced no 
effect. This is in contrast to the marked increase 
produced by voluntary flexion and extension of the 
ankle against slight resistance for 0-5 min. In 
subjects $.B. and A.R. the effect of stimulating the 
denervated flexor muscles of the forearm at a rate 
of 240 per minute for 6 minutes and 4:5 minutes 
was compared to the effect on the normal muscle 
of squeezing a valveless sphygmomanometer bulb 
15 times in 30 seconds. Fig. 4, which shows the 
records of these experiments and Fig. 3 in which 
the values are plotted, indicate that the amount of 
exercise as judged by the rates of blood flow is 
relatively small in electrically induced contractions 
as compared to that produced by very moderate 
voluntary exercise. That an increased blood flow 
in denervated muscles is not prevented by an inability 
of the vessels to dilate has been shown by finding 
that after arterial occlusion for 1 min. the blood 
flow was increased tenfold or more. 

In these experiments the threshold of the dener- 
vated muscles varied from 4 to 8 ma. while the 
exciting currents used were 20 to 40 ma. Thus, 
not only were the muscles readily stimulated, but 
the exciting currents were much greater than could 
have been tolerated on normal skin and the number 
of contractions was considerably in excess of that 
usually employed in electrical therapy. From this 
it is concluded that this form of therapy produces 
no significant degree of muscular exercise. 


Comment 


The present observations show that electrical 
therapy in an otherwise well-treated case is of little 


benefit. It is possible, however, that in the absence 
of other measures designed to maintain the mobility 
of the tissues, electrical therapy would be beneficial, 
not through its exercising effect, but by virtue of 
the movements induced. Electrical therapy has a 
well-established place in aiding in the re-education 
of muscular movements and no comment on this 
aspect of the problem is required here. 

The failure of the conventional type of electrical 
therapy to promote the recovery of denervated 
muscle is attributed to the fact that the treatment 
does not impose a strain on the muscles. The 
importance of the element of “strain” in the 
production of hypertrophy of normal muscles is 
well recognized, and if the same factors operate in 
denervated muscle it is apparent that in the human 
it would be nearly impossible to induce a useful 
degree of exercise by electrical means. 


Summary 


A series of cases of suture of the musculo-spiral 
nerve has been studied in order to assess the value 
of electrical treatment of denervated muscles. 

The conventional type of treatment was found to 
be witnout significant value. 

This. was explained by the finding that even 
much more intensive stimulation than is possible 
therapeutically was accompanied by only a relatively 
light increase of blood flow, indicating that the 
degree of the exercise was slight and imposed no 
strain on the muscle. 

It was concluded that electrical therapy does not 
aid the recovery of denervated muscles except in 
so far as it assists in re-education and in main- 
taining the mobility of the tissues. 


It is a pleasure to acknowledge the skilled assistance 
of Mrs. B. M. Butter who personally supervised the 
physiotherapeutic procedures. 
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STUDIES IN DENERVATION 


]—THE CONTRACTILITY AND EXCITABILITY OF DENERVATED 
MUSCLE 


Tue electrical reactions of denervated muscles 
form an integral part of the clinical picture associated 
with lesions of peripheral nerves. These reactions 
consist of changes in contractility and changes in 
excitability, both of which were stressed by Erb 
(1883a). He considered, however, that the former 
as revealed by the slow contraction was the more 
important indication of denervation, and _ this 
opinion was reaffirmed by Athanassio-Benisty (1918) 
and by Pollock (1920). In recent years greater 
stress has come to be placed on the changes in 
excitability, possibly because technical developments 
have permitted them to be assessed quantitatively ; 
possibly because it was becoming realized that the 
shape of the contractions of denervated muscle 
varied from time to time with the physical state of 
the limb. Certainly both these considerations lead 
Adrian (1916) to apply the methods of Lucas to 
the study of denervated muscle in the human, and 
he was able to obtain measurements of excitability 
expressed in strength-duration curves which were 
diagnostic of denervation. Since then other tech- 
nical developments have taken place, and it is now 
possible to make with some facility quantitative 
studies of both the time relations of the contraction 
and of excitability. It is the purpose of this paper 
to report an investigation attempting to correlate 
these two types of abnormal reaction shown by 
denervated muscle. 


Method 


The muscles most commonly employed in this investi- 
gation were the extensor carpi radialis and the tibialis 
anticus. Their contractions were recorded by a modi- 
fication of the method described by Mendelssohn 
(1878-9) by placing a tambour firmly on the tendon where 
this crossed the joint, the joint being in a neutral position. 
In the case of some muscles such as the abductor digiti 
quinti the tambour was placed on the belly of the muscle. 
This tambour was connected by an air-filled system to an 
optical capsule which reflected a beam on to moving 
bromide paper. The natural frequency of the recording 
System was approximately 20 cycles per sec. and the 
lag in this system amounted to 5 msec. when compared 
to the stimulus recording system. The limbs were 
immobilized by moulded plaster casts which were bolted 
to the table while the tambour was clamped to a rigid 
iron framework fixed to the same table. 

Bipolar stimulation was employed, the current being 
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applied through electrodes placed near each end of the 
muscle in positions where it was found by trial that the 
threshold was lowest and that little stimulation of 
adjacent muscle was produced. The electrodes were 
circular pads of saline-soaked cotton wool 1 cm. in 
diameter backed by a copper or silver chloride disc. 
These were spring-mounted on rods adjustably attached 
to the iron framework. The spring-mounting permitted 
slight movements of the muscle to take place without 
altering the contact. The stimulating currents were 
generated by the valve controlled apparatus described 
by Bauwens (1941a) who kindly supplied details of con- 
struction. This valuable device supplies rectangular 
waves of variable duration, frequency, and amperage, 
and the current output is independent of the resistance 
of the external circuit so long as this is below 5,000 ohms. 
In series with the patient was a mirror galvanometer of 
60 ohms resistance with a natural frequency of approxi- 
mately 1,000 cycles per sec. This recorded on the 
bromide paper the strength and duration of the stimulus. 

Action potentials were recorded by use of a Matthews 
condenser coupled amplifier and oscillograph. A con- 
centric needle electrode of the type described by Adrian 
and Bronk (1929) was used to pick up the potentials. 
When recording the action potentials the stimulating 
circuit was fed by high-tension batteries instead of 
rectified A.C. and when rectangular currents were used 
the stimulating electrodes were needles introduced into 
subcutaneous blebs of procaine as this was found to 
reduce the stimulus artefact. 

The subjects are described in paper A and were chosen 
because definite information was available concerning 
the nature of their nerve lesions. 


Procedure 

After the apparatus was set up the resistance of the 
circuit was ascertained by the voltage necessary to pass 
5 ma. If this was.over 5,000 ohms the electrodes were 
readjusted. The frequency of the stimuli being set 
between 30 and 60 per min. the contractions were 
observed visually and if they appeared satisfactory the 
camera was run for 5-10 secs. The duration or the 
strength of the stimulus was varied either in the same 
or in subsequent runs. In the experiments on the effect 
of temperature the limb was kept immersed in water at 
20° C. or 38° C. for 20 minutes just prior to the recording. 


Results 


The results to be reported are those obtained in 
experiments which were specially designed in 
the light of many preliminary observations to 
demonstrate particular features of the reaction of 
the muscles. It may be stressed, therefore, that the 
full weight of the evidence behind each observation 
will not be fully stated. 

It is proposed to present these results to show 
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a repetitive response when stimulated by an electric 
current and then to illustrate how this property 
accounts for some of the peculiarities of contraction 
and excitability. 


Repetitive Stimulation 
The most satisfactory method of determining the 
occurrence of this phenomenon would be to record 
the action potentials of a single muscle fibre. This, 
‘however, is nearly impossible in an intact muscle, 
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first that denervated muscles are prone to develop 


for a considerable time after the initiation of the 
stimulus, and while they are stronger in the carly 
part of the contraction they do not cease until about 
the peak of the contraction. With stimuli that 
cease before the peak of the contraction it is possible 
to show that the action potentials do not persist 
for longer than 20-40 msec. after the end of the 
stimulus. Fig. 2 shows the same sort of results 
recorded from the tibialis anticus of subject R.W, 
with a lesion of the sciatic nerve. In this instance, 
a progressive current obtained from another 
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Fic. 1.—Record ( <?#/3) of subject A.K. showing the electrical and mechanical responses of the denervated abductor 


minimi digiti quinti to stimuli of decreasing duration having a moderately abrupt onset and decline. 


record is in 20-msec. intervals. 


obtained from a tambour on the belly of the muscle. 
muscle. 


a potential of 10 uv applied to the active lead. 


but an approach to this ideal has been made by the 
use of a concentric needle electrode. The number 
of fibres affecting such an electrode must be very 
variable but Brown (1937) has estimated it to be in 
the region of 100. It is likely, therefore, that in a 
simple muscle twitch temporal dispersion would 
cause a short burst of potentials before and with 
the onset of the mechanical contraction. If, 
however, the potentials persist throughout the phase 
of muscle shortening it may be concluded that 
each fibre is responding more than once and that 





Time on original 


For convenience 200-msec. and 1-sec. intervals have been added. The line indicating 
the stimulus moves in an upward direction when the current is flowing. 


The record of the muscle contraction was 


) 1 Action potentials were recorded from a needle electrode in the 
Calibration showing extent of deflexion and time constant of amplifier was obtained by making and breaking 


stimulator designed by Bauwens (1941la) was used 
to stimulate the muscle. It is apparent that action 
potentials persist throughout the whole period of 
current flow and this is associated with a prolonged 
shortening of the muscle, both the electrical and 
mechanical activity persisting until the decline of 
the current. In Fig. 3 are shown records obtained 
from subject C.B. also with a sciatic nerve lesion, 
but using a rectangular stimulating current and with 
a smaller condenser guarding the amplifier. The 
size of the condenser has reduced the amplitude of 
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Fig. 2.—Record ( « !/;,) of subject R.W. showing electrical and mechanized response of the denervated tibialis anticus 


to a stimulus of gradual onset and decline. 


repetitive stimulation is occurring. It is not 
difficult to show that this is the condition prevailing 
in denervated muscles. 

In Fig. 1 is shown a record obtained from the 
muscles of the medial border of the hand of subject 
A.K. who had an old standing lesion of the ulnar 
nerve. In order to reduce the stimulus artefact 
the stimulating current was smoothed by putting 
a 4 uF condenser in parallel with the patient while 
a 0-05 uF condenser was interposed between the 
active recording electrode and the amplifier. This 
record shows that the action potentials do persist 


L The initial deflection in line recording the action potentials is an artefact 
caused by closing the circuit which activates the stimulator. 


Description otherwise is as in Fig. | 


the potentials so that for adequate demonstration 
they have been reproduced here at double the 
original size. Three strengths of stimuli 3, 5, and 
10 ma. of 2 sec. duration were used. 3 ma. pro- 
duced neither an electrical nor a mechanical response 
and has not been figured here. 5 ma. produced a 
slow type of contraction associated with action 
potentials during the phase of shortening simila! 
to those shown in Fig. 1. 10 ma. caused a much 
stronger contraction followed by a period of gal- 
vanotonus which persisted until the end of the 
stimulus. The action potentials also persisted. 
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Fic. 3.—Records of subject C.B. showing electrical and mechanical response of the denervated tibialis anticus to two 


stimuli of different strengths having an abrupt onset and termination. 


have been drawn in at 200-msec. intervals. 


The line recording the action potentials has been enlarged 2 > 


Time is in 20-msec. intervals and vertical lines 
‘the original 


size and then cut into sections of 200-msec. length and appended in the appropriate spaces below the reproduction of 
the original record. The line indicating the tension of the muscle was obtained from a tambour on the tendon. 


These results show that repetitive stimuiation of 
the fibres of denervated skeletal muscle is readily 
caused by a constant current. It may also be 
inferred that galvanotonus is associated with this 
phenomenon and has, therefore, the character of a 
tetanus rather than of a contracture as was sug- 
gested by Bremer (1932). Bremer did occasionally 
observe small fluctuating potentials, but he was 
instrumentally handicapped and recorded chiefly 
a large slow potential which he considered, following 
the work of Bishop and Gilson (1927), to be 


associated with the actual contractile process. In 
the usual absence of such rapid fluctuating potentials 
as are recorded here he concluded that the muscle 
was in a state of contracture. 

It may be thought that prolonged stimulation by 
constant currents violates the law of excitation of 
du Bois Reymond which states that it is the variation 
in strength of current that produces stimulation. 
Nevertheless, the phenomenon has long been recog- 
nized to occur in nerves, particularly in certain 
states such as when cool, and Gotch (1900) noted in 
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1900 that it implied a limitation in the law of 
excitation. Since then it has been explained by 
Ebbecke (1924) and by Erlanger and Gasser (1937) 
as being due to the recovery of the fibre through a 
stage of hyperexcitability permitting excitation to 
occur again and Katz (1939) has pointed out that a 
repetitive response to a persistent stimulus is the 
natural accompaniment of slow accommodation. 
However, this picture of a self-resonating system 
should not be viewed against a static background. 
The mere fact that an action potential is associated 
with excitation must indicate that the electrical 
field of the stimulating current is distorted. Also, 
the deductions of Bishop (1928) show that when a 
constant current is applied to a biological pre- 
paration the electrical field set up is not constant 
but fluctuating due to changes in the resistance and 
capacity of various parts of the tissues. These 
fluctuations of current plus a hyperexcitable phase 
during the recovery process provide an alternative 
or subsidiary explanation for the phenomenon of 
repetitive stimulation. 

The abnormality in the case of denervated muscle 
is not that the repetitive stimulation occurs but that 
it is marked at current strengths which are of thres- 
hold value. It may be that this abnormality is not 
due to the denervation but to the way in which the 
stimulus is applied to the muscle fibre, i.e. direct 
rather than indirect stimulation. Against this 
view is the fact that no one has commented on a 
slowing of the contraction by curare, and it will be 
seen below that repetitive stimulation appears to 
cause this. This type of response may be termed 
with Rosenblueth (1941) a loss of accommodation, 
but there is no evidence as to whether it is due to an 
abnormality in the phase of recovery or in the extent 
of the current fluctuations or to some other factor. 
In any case the phenomenon is revealed by the 
degeneration of nerves and may be said to be typical 
of denervated muscle. It is also desirable to note 
that what is perhaps an analogous phenomenon 
has been observed in denervated smooth muscle 
(paper E). 

Contractility 

The contraction of denervated muscle is generally 

described as being slow, and while this is usually true, 


TM. Muscle Warm 


it is only true because certain conditions of stimula. 
tion and temperature are usually present. The 
variability in the rapidity of the contraction when 
the muscle is cold and when it is hot, and when the 
stimulus is short and when it is long, is shown jn 
Fig. 4. This figure records the results obtained ip 
one of the preliminary experiments on a subject 
with a lesion of the external popliteal nerve and it 
indicated the need to amplify the generally accepted 
statement concerning the contraction of denervated 
muscle. It will be seen that when the denervated 
muscle was warm and when the stimulus was short 
that the contraction was nearly as rapid as that of 
normal muscle and that a change in either of these 
factors, that is, temperature or stimulus, influenced 
the rapidity of the contraction. These two factors 
will therefore be considered separately. 
Temperature.—It is well-known that a fall of 
temperature slows the rate of contraction of normal 
muscle and an example of this has been provided in 
Fig. 4. Tuttle (1941) in a recent investigation on 
the normal gastrocnemius of man has found that 
immersion of the leg in crushed ice for 20 minutes 
caused a prolongation of all phases of contraction 
so that the peak of the contraction instead of 
occurring at about 100 msec. after the stimulus 
fell at 200 msec. while the phase of relaxation 
underwent a somewhat greater proportionate in- 
crease. These observations were repeated here on 
the denervated tibialis anticus of subject B.R. 
while recording the temperature of one part of the 
muscle. After warming of the leg in water at 
38° C. for 20 minutes a copper-constantan couple 
was inserted through a needle to the depth of about 
1 cm. into the muscles supplied by the divided 
external popliteal nerve. The needle was _ then 
withdrawn over the wires and a record of a number 
of contractions of the muscle was obtained when 
the temperature was 36° C. Crushed ice was then 
packed around the leg and without moving the 
electrodes or the recording tambour further sets of 
records were taken as the muscle temperature fell 
past each degree C. The duration of the stimulus 
was maintained at 40 msec. Representative con- 
tractions of similar height have been traced and 
superimposed to form Fig. 5. It will be seen that 
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Fic. 4.—Records ( x !/,) of subject T.M. showing a comparison of the contractions of the normal in the upper records 
and those of the denervated tibialis anticus in the lower ones. Time is in 20-msec. and 1-sec. intervals. A downward 


.movement of the stimulus line indicates in this figure the passage of current. Contractions are in response to brie! 
and long stimuli when the muscles were warm and when cool. 
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Fic. 5.—Reproductions of the records of subject B.R. 
showing the effect of temperature on the contraction of 
the denervated tibialis anticus. The vertical co-ordinate 
which is height of the contraction in cm. has been doubled 
in respect to the horizontal which is time in order to 
distinguish clearly between the different contractions. 
The temperature inscribed below each curve refers to 
the temperature taken by a thermocouple in the muscle 
at the time the contraction was recorded. The solid 
block below the base line indicates the duration of the 


stimulus. 
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Fic. 6. Records (x'/,) and graph of subject L.R. The series of records labelled denervated were obtained 
from the denervated abductor digiti quinti, while those labelled normal were obtained from the normal muscle of the 
other hand. In each case records were obtained when the muscle was cool and when it was warm using stimuli of 
different durations and strengths. The original records have been cut and the sections arranged so that the onset 
of the stimuli occurs at the first vertical line. The time on the original tracings was in 20-msec. and 1-sec. intervals. 
The vertical lines have been inserted at 200-msec. intervals. The strength of the stimulus is stated to the left and 
the duration to the right of the contractions. The line inscribing the stimulus:can be seen to move in an upward 
direction with the onset of the stimulus at the longer, but not with the shorter durations. The graph shows the relation- 
ship between the strength-duration curves and the temporal configuration of the contractions of normal and denervated 
muscles. Absciss# are the duration of the stimulus in logarithmic msec. Ordinates on the left refer to the strength- 
duration curves and are the strength of the stimulus in logarithmic ma. Ordinates to the right refer to the measure- 
ments of the time to the peak of the contraction and are in linear msec. The designation of the various lines are 
indicated on the’ face of the chart. A line has been drawn jointing the time co-ordinates of the peak of the 
contraction and of. the stimulus so as to conveniently indicate the points at which the duration of the stimulus 
became less than the time to the peak of the contraction. 
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Fic. 7.—Records ('/,) and graph of subject A.K. obtained from te normal and the denervated abductor digiti 


quinti. Description is given in Fig. 6. 
occasions. 


there is a progressive lengthening of all phases of 
the contraction with the fall of temperature and at a 
temperature of 28°C. the time to the peak had 
increased from about 100 msec. to 200 msec. 
while the time to full relaxation had also greatly 


The series of contractions iabelled A and B were recorded on different 


increased. Thus there is a close similarity to results 
obtained by Tuttle on normal muscle. The 
difficulty of making an exact comparison is that it is 
impossible to estimate the average temperature of 
the tissues when they are cooled. This difficulty 








nol 


257 





—ae mt fa & ff 42 fF. | 


























STUDIES IN DENERVATION—1I 147 
nol : mec 
Subjecf RW. 
25- Sciatic Nerve Lesion P-550 
ss +0 RW, DENERVATED 
00- ()| L./A RM 
Time fo Peak COOL VARY 
Eee +450 ; - 
Denervated Cool md MSec \d 
] ig 
* S |-400 
] a 
2 | 50 
ie) 
£ 
10-7 F L300 
993 Time fo Peak 
}5 — + 250 
7 3 Denervated Warm 
oh + 200 
= 
by 
67 o: +150 
16 
m" . - 100 
Strength Duration 
“00-00-08 Warm 
4-4 Strength Duration 8 
. x > — 
Duration Stimulus Coo 
T T T TTT rT T T as T \ oe "T 7 i Tt i. T me i T 
20 590 10 20 Jo 100 200 500 tooo 2000 msec 


Fic. 8.—Records ( x '/,) and graph of subject R.W. obtained from the denervated tibialis anticus. 
Fig. 


is overcome if the tissues are maintained at 
approximately blood temperature. This has been 
attempted in obtaining the results shown in the 
records in Figs. 6 and 7 in the columns marked 
warm. It will be seen that when brief stimuli 
are used that the contraction approximates that 
of the normal muscle shown in the companion 
records. 

Duration of the Stimulus—In the above section 
it was seen that when brief stimuli were used to 
stimulate denervated muscle the contraction re- 
sembled that of normal muscle at the same tem- 
perature. This resemblance does not obtain, 
however, when long stimuli are used. This is 
demonstrated in records reproduced in Figs. 6, 7, 
and 8 which have been prepared by cutting the 
original records and arranging the sections so that 
at the top of each column the effect of a long 
Stimulus is seen, while under this are placed other 
contractions resulting from successive decreases 
in the duration of the stimulus. It will be seen that 





Description is as in 
6. 


as the stimulus was shortened so the contraction 
also became shortened. This effect can be illus- 
trated graphically by using the time from the onset 
of the stimulus to the peak of the contraction as an 
index of the rapidity of the contraction and plotting 
this against the duration of the stimulus. This 
has been done in the charts in Figs. 6, 7, and 8. 
From these it is apparent that, when the stimulus 
was progressively shortened, the time to the peak of 
the stimulus commenced to shorten soon after the 
duration of the stimulus became less than the time 
to the peak. These examples have been prepared 
by comparing contractions of the same height which 
have been achieved by varying the strength of the 
stimulating current. However, the effect can be 
just as well shown if the strength is kept constant 
as has been done in obtaining the record shown in 
Fig. 9, which shows successive contractions to 
stimuli of decreasing length. It is apparent that 


“as the stimulus became shorter the hinder end of the 


contraction was abolished. 
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Fic. 9.—Records ( x"/;) of subject R.W. showing the effect reducing the duration of the stimulus when the strength 


is kept constant. Time is in 20-msec. and 1-sec. intervals. 


The duration of the stimulus has been inserted as has also 


the time to the peak of the contraction and the time to half relaxation. 
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Fic. 10.—Tracings of the records of subject R.A. showing 
the effect of the strength of the stimulus on the con- 
traction of the denervated tibialis anticus. The original 
records were enlarged approximately 2:5 and traced. 
The scale to the left indicates the strength of current 
used to invoke the contraction recorded by the line 
commencing from the various points on this scale. The 
time scale is in msec. commencing from the vertical 
line which represents the onset of the stimulus. The 
inset scale represents cm. on the original record. The 
solid lines indicate contractions obtained using stimuli 
. of 500 msec. while the interrupted lines those obtained 
with stimuli of 40 msec. The onset and the peak of the 
contraction are shown by short vertical lines. 


This phenomenon has been briefly referred to by 
Bremer (1932) and Rushton (1932). The former 
attributed it to an electrical contracture, but it has 
already been shown that this contracture is in 
reality due to a repetitive stimulation of the muscle 


fibres. The latter author believed that it was due 
to a successive recruitment of muscle fibres basing 
the explanation on the theory that the weaker the 
stimulus the longer the utilization period and, 
therefore, the fibres which were in weak fields of 
current would respond later than those in the part 
of the muscle in which the lines of current were 
concentrated. This theory may be put to experi. 
mental test by measuring the latent period and the 
time to the peak of the contractions which are 
produced by threshold currents and comparing 
these times with those resulting from stronger 
currents. If Rushton’s theory were correct the 
times should become progressively longer as the 
stimulus is lowered toward threshold strength, 
This experiment has been performed three times 
using stimuli of 500-msec. duration and recording 
the contraction with tambours so sensitive that the 
recording beam was displaced 1 cm. before any 
visible or palpable contraction was present in the 
muscle. The results of these experiments were 
in agreement and are typified by those shown in 
Fig. 10. To prepare this figure the records were 
traced and superimposed on a scale representing 
the strength of the stimulus. Horizontal alignment 
was determined by the onset of the stimulus. It is 
apparent that at near threshold values the latent 
period became slightly prolonged. This, however, 
was probably due in part to the fact that the con- 
tractions were so weak that the initial stages of 
them were not recorded, as there was a simultaneous 
shortening of the time to the peak of the contraction. 
With stronger currents there was a_ progressive 
diminution in the time to the onset of the con- 
traction and this is also shown by a glance at the 
records in Figs. 6, 7, and 8, in which it will be seen 
that the stronger currents required at the shorter 
durations of stimuli produced a more immediate 
contraction than did weaker currents. These 
results make it clear that Rushton’s explanation 
accounts for the shortening of the latent period 
with strong stimuli, but it is also clear that there is 
a maximum duration of the latent period. In 
other words, currents which have not caused 
excitation within this time will fail to do so no matter 
how long they are continued. That the stimulus 
response time has a finite value may also be con- 
cluded from the measurements of Blair and Erlanger 
(1936) and of Bogue and Rosenberg (1936) on 
various nerves. Therefore, if altering the duration 
of the stimulus beyond the maximal latent period 
alters the contraction it implies that some other 
mechanism than progressive recruitment must 
account for the variation. It will be seen in Fig. 10 
that changing the duration of the stimulus from 
500 to 40 msec. did alter the shape of the con- 
traction. Also it will be seen in Fig. 9 that when 
the stimulus was reduced from 660 to 340 msec. 
there was an alteration in the shape of the con- 
traction, and the maximum latent period even in 
the coolest muscles has never been found to be 
longer than 150 msec. 

The explanation proposed here ascribes the pheno- 
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menon to the.fact that the stimulus causes repetitive 
excitation of the fibres and so a shortening of the 
stimulus results in a shortening of what is virtually 
a period of tetanic stimulation. It is also probable 
that the shortening of the time to the peak with 
very weak stimuli as is shown in Fig. 10 is due to 
the fact that very weak currents maintain the period 
of repetitive stimulation for shorter times than do 
stronger currents. This is indeed a corollary to the 
observation illustrated in Fig. 3 that strong currents 
can induce a very prolonged period of repetitive 
stimulation resulting in the galvanotonic type of 
contraction. 

It has been noted above that a fall of temperature 
prolongs the contraction resulting from brief 
stimuli. It is now necessary to consider the 
influence of this factor on the repetitive element of 
the response. Evidence on this point may be 
obtained by comparing the effects of prolonging 
the stimulus when the muscle is cool and when it is 
warm. It will be seen from the records reproduced 
in Figs. 6, 7, and 8, and in the charts plotted from 
these results that when the muscles were warm an 
increase in the duration of the stimulus increased 
the time to the peak of the contraction by 80 msec., 
while when the muscles were cool the time to the 
peak was increased by 250 msec. Therefore, it may 
be concluded that the period during which repetitive 
stimulation occurs is more prolonged when the 
muscle is cool than when it is warm. 

It is necessary to note that in normal muscle it 
has been found that lengthening the stimulus also 
tends to prolong the contraction. That this is 
very slight at the strength of currents usually 
employed will be seen in Fig. 7. In Fig. 8 the 
records are somewhat confused by the occurrence 
of stimulation at the break of the current but none 
the less the occurrence of repetitive stimulation 
in these instances can also be inferred because the 
prolongation of the time to the peak still persisted 
after the stimulus was prolonged so as to make the 
break fall after the peak of the contraction. This 
effect on normal tissues will be referred to below 
and it is only required here to conclude that the 
influence of repetitive stimulation on the shape of 
the contraction is minimal in normal muscle as 
compared to denervated muscle, particularly when 
the latter tissue is cool. 

Summary.—The above observations on the con- 
traction of denervated muscles show that with brief 
Stimuli and at similar temperatures the contraction 
of denervated muscle is similar to that of normal 
muscle. Bremer (1932) has also stressed this 
similarity. It may be concluded, therefore, that 
denervation does not materially affect the con- 
tractile processes of muscle. It has also been shown 
that denervated muscle is abnormally susceptible 
to repetitive stimulation by constant currents, 
especially when cool, and that this causes a pro- 
longation of the contraction. These results have 
been so consistent that they permit the deduction 
that if a denervated muscle contracts slowly it is 
cool. In paper H it has been shown that while 


STUDIES IN DENERVATION—I 


149 


denervated muscle has a somewhat greater resting 
blood flow than does normal muscle it. is deficient 
in the great surges of blood that accompany even 
slight exercise in normal muscles. Now Grant 
and Pearson (1937-8) have shown that the tem- 
perature of normal resting muscle may fall far below 
blood temperature, but is immediately elevated by 
exercise. It may be inferred, therefore, that the 
temperature of denervated muscles is habitually 
low and that unless special precautions are taken 
to warm them routine testing with a galvanic 
stimulus will ordinarily reveal the slow sluggish 
contraction described by Erb. 

An interesting application of these results is their 
bearing on an observation reported by Leriche 
(1939) who noted in a subject with a musculospiral 
palsy that a sympathetic nerve block caused the 
limb to become warm and the muscular contractions 
to become brisk. He attempted to relate the change 
to the relief of vasospasm in the nerve, but it was 
clearly a side effect produced by the change in 
temperature. 

Excitability 

In the foregoing sections results have been 
reported indicating that denervated muscle is very 
prone to show repetitive excitation in response to 
an electrical current. The effect of this behaviour 
on the shape of the contraction has been demon- 
strated and it is now necessary to inquire into its 
effects on measurements of excitability. 

Since the pioneering studies of Lucas the strength- 
duration curve has been recognized as the most 
comprehensive statement of the excitability of a 
tissue. In the construction of these curves one 
determines the durations that various strengths of 
current require in order to produce a standard 
response of the tissue. Usually the minimal 
recognizable response is chosen as the standard, but 
as such’ responses are by definition almost non- 
recordable it is necessary, if it is desired to correlate 
the strength-duration curves and the muscular 
response, to show that supraminimal stimuli do 
not alter the strength-duration relationship. This 
has been done by stimulating a muscle with a wide 
range of current strengths at each duration of 
stimulus. The height of the responses were 
measured and the data obtained are shown plotted 
in Fig. 11. It is apparent that whether a contraction 
of 2-0 cms. or a threshold response be taken as the 
standard the same relationship between the strength 
and the duration of the stimulus is present. 

The similarity of these curves indicates that the 
same excitability factors operate at these different 
strengths of contraction so it is reasonable to assume 
that if an explanation can be found for the shape 
of the strength-duration curves by correlating them 
with the time relations of contractions of more than 
minimal strength this explanation will also apply 
to strength-duration curves obtained from minimal 
responses. This inference is reinforced by the 
finding reported above that shape of the contraction 
does not alter greatly over a wide range of strengths 
of contraction. 








150 J. DOUPE 


The strength-duration curves reported here were 
constructed using a minimal response so that the 
threshold values of the currents might be simul- 
taneously expressed. The presence of minimal 
responses was ascertained with the aid of the 
optical magnification of the apparatus. 

It is now possible to indicate the significance of 
the strength-duration curves plotted in Figs. 6, 7, 
and 8. These curves,examined in conjunction with 
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Fic. 11.—Graphs of subject L.R. showing the 


effect of the size of the contraction on the strength- 
duration curve. In the chart to the left are plotted the 
size of the contraction in cm. against the strength of the 
stimulus in ma. at the various stimulus durations 
indicated. Measurements obtained by inter and extra- 
polation are used in the chart to the right to construct 
strength-duration curves corresponding to the various 
heights of contraction indicated. The short vertical 
lines indicate the chronaxie of these curves. 


the measurements of the time to the peak-of the 
contraction, show that soon after the duration of the 
stimulus becomes shorter than the time to the peak 
an increased current is required. The pertinent 
data have been abstracted from these graphs and 
are set outin TableI. From this it is clear that there 
is some relationship between the briskness of the 
contraction and the duration of the stimulus at 


which the threshold rises. The most pronounced 
correlation was found in case L.R. in whom there 
was the greatest variation in the rapidity of cop. 
traction and in whom the most trustworthy strength. 
duration estimations were obtained. It will be 
seen that when the muscle was cool the threshold 
was raised at stimulus durations of less than 500 
msec., while when the muscle was warm the threshold 
did not have to be raised until stimulus duration 
was less than 160 msec., and these times were 
approximately 100 msec. less than the time to the 
peak of the corresponding contractions. In Fig. 12 
is shown another way of expressing the same 
phenomenon. Two series of contractions are 
shown in this figure which were obtained in the 
experiment used to plot Fig. 11. It will be seen 
that when the muscle was cold the contractions 
were slow and that they diminished in height when 
the duration of the stimulus was changed from 540 
to 300 msec. When the muscle was warm the 
contractions were rapid and did not fail until the 
stimulus was reduced to 70 msec. 








TABLE I 
Duration 
. stimulus 
Subject — at which Difference 
a threshold | 
rises 
L.R. cool 600 msec. 500 msec. 100 msec. 
warm 250 160 | 90 
A.K. cool 475 300 | 175 
warm | 150 70 | §80 
R.W. cool | 350 | 160 190 
warm 200 70 130 





These observations are interpreted to indicate 
that strength-duration curves derived from dener- 
vated muscle are an expression of the fact that the 
current in addition to inaugurating the contraction 
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Fic..12.—Records (x!'/,) of subject L.R. showing the effect of reducing the duration of the stimulus when the 


denervated abductor digiti quinti was cool and when it was warm. 
both records was eliminated from the lower in reproduction. 


The time is in sec. and being the same in 
The stimulus durations indicated on the upper 


record apply also to those directly underneath on the lower record. 
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has a potentiating effect on the contraction. This 
potentiation is presumably due to the occurrence 
of repetition and it is thus no mere coincidence that 
the slow contraction of denervated muscle is 
associated with a prolonged excitation factor, for 
both are partly dependent on the same characteristic 
of the tissue. 

It will be noted that the strength-duration curves 
of denervated muscle are to a certain extent modified 
by the temperature of the muscle. Thus, in Figs. 
6, 7, and 8, it will be seen that the rheobase, i.e. the 
threshold for long stimuli, is lower when the muscle 
js cool than when it is warm. This difference in 
threshold does not obtain with shorter stimuli. 
Lucas and Mines (1907-8) described a similar 
effect in nerve and in the nerve-free part of toad 
muscle. The lower threshold and the greater 
repetitiveness that are shown by cool denervated 
muscles when stimulated by long currents appear to 
be expressions of the same fact. To appreciate 
this it must be realized that the thresholds with long 
currents are to a certain extent spurious in that the 
response even at threshold values is repetitive. This 
is indicated by the fact that the strength-duration 
curve, plotted in Fig. 11 for a figurative contraction 
of 0-0 cm., commences to rise when the stimulus 
is reduced in duration from 500 to 333 msec. As 
this time is much longer than any observed stimulus- 
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response time it must be inferred that threshold is 
being determined by the tendency of the tissue 
to respond repetitively. 

In Fig. 13 is shown the strength-duration curves 
obtained from subject F.J. who was known to have 
a partial denervation of the hypothenar muscles. 
The kink in this curve would, according to the 
usual interpretation, indicate that two elements 
with different excitabilities were present in the tissue 
and would thus fit into the clinical picture. For 
comparison, the strength-duration curves of normal 
muscles have been plotted in Figs. 6 and 7. These 
of course show time factors which are much smaller 
than in denervated muscle. However, the point 
of interest is that the curves show a kink at about 
16 msec. which is associated with an increase in 
the duration of the contraction as shown by the 
longer time to the peak, and the change in the shape 
of the contraction is sufficient to be appreciated 
in the apposite records. The question, therefore, 
arises whether such kinks in strength-duration 
curves necessarily indicate, as presumed by Lucas, 
that two elements of different excitability exist in 
the tissue or whether they may not arise in some 
instances from two modes of response in the one 
element as was suggested to Rushton (1932) by 
Lapicque. This doubt is of theoretical importance, 
but from the practical point of view it will be seen 
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that the difference between the curves obtained from 
normal and from denervated muscles is more a 
matter of degree than of kind and indicates that 
some caution is required in drawing conclusions 
from such measurements. 

Other considerations also indicate that strength- 
duration curves give less precise information than 
their appearance suggests. Thus, the contractions 
resulting from long and short stimuli are not com- 
parable as will be seen from the records of 
denervated muscles shown in Figs. 6, 7, and 8. 
They have here been compared on a basis of height, 
but it is obvious that if area were the basis of 
comparison different strength-duration curves would 
be obtained. Another equally crucial objection 
arises from the concept of the utilization period. 
The durations plotted in a strength-duration curve 
are supposed to represent the time required for the 
current to activate the tissue, i.e. the time during 
which it is being utilized. It is obvious, however, 
that in denervated muscle the current is able to 
affect the tissue even at threshold strengths long 
after it has first caused stimulation. 

The simplest conception of the events occurring 
in denervated muscle is that following the initial 
stimulation there is a period in which the current 
if it is continued re-excites the muscles. If the 
current flows for only a short time the period 
during which re-excitation can take place is decreased 
so that the number of fibres involved in the initial 
stimulation must be increased if the strength of the 
contraction is to be kept constant. The number 
of fibres can only be increased by increasing the 
strength of the current and in this way one obtains 
the strength-duration curve of denervated muscle. 
This reasoning suggests the most serious theoretical 
objection to these curves as it indicates that the 
same elements of thd muscle are not under observa- 
tion. Clinical experience supports such a view, 
for not infrequently'if the muscle is being watched 
while obtaining strength duration measurements it 
has been seen that the contracting portions of the 
muscle with long stimuli are not necessarily the 
same as those with short. 

It may thus be concluded that strength-duration 
curves do not have the same significance in repetitive 
systems as they do in non-repetitive systems and 
this is in agreement with conclusions of Arvonitaki 
et al. (1936) on crustacean nerve. 

It is pertinent to point out that present con- 
ceptions do not attribute to strength-duration curves 
the same biological significance as was originally 
claimed for them by Lapicque (1926). The work 
of Davis (1923), Watts (1924-5), and Grundfest 
(1932) has shown that the curves are more par- 
ticularly associated with relation between the size 
of the fibre and the size of the electrical field 
impinging upon it. Both Rushton (1932) and 
Lapicque (1932) have attempted to explain this 
and it would appear that a sharply localized stimula- 
tion as produced by a capillary electrode will 
rapidly set up a critical degree of depolarization 
so that a propagated response can be initiated, 


whereas if the field of current embraces the whole 
fibre, the borders of the area of depolarization wil] 
be vague and the process of depolarization must 
continue longer before a sufficient difference exists 
at any one point to enable it to constitute a focus. 
The complex nature of the events leading to 
excitation when large electrodes are used and the 
fibres are in a relatively even field of current may be 
realized when it is considered that the current enters 
one end of the fibre and leaves at the other, thus 
producing both anodal and cathodal effects over 
approximately equal areas of the fibres. It is not 
surprising, therefore, that the time factor should 
depend on the mode of stimulation. Moreover, 
it has also been pointed out that the time factor 
will also vary depending on whether the response 
under observation is dependent on a single or ona 
repetitive discharge. It will be seen, therefore, 
that in denervated muscle, when percutaneous 
stimulation is used, two factors are present leading 
to a long time factor of excitation, i.e. the relation 
of the electrical field to the fibres and the property 
of responding repetitively. 


Clinical Considerations 


The phenomena occurring in denervated muscles 
have been described above from the physiological 
point of view. It is advisable, therefore, to con- 
clude this paper with some reference to the clinical 
aspects of electro-diagnosis in peripheral nerve 
lesions. 

In the first place it must be stressed that the 
information supplied by electrical tests, like that 
of most other tests, has more value when it is positive 
than when it is negative. This is well exemplified 
by the significance of abnormalities of contraction. 
Thus, the presence of a response indicates that 
muscle tissue is present. An absence of contraction 
to all forms of stimuli, while it may indicate complete 
degeneration of the muscle fibres, is more likely to 
mean, as explained by Roberts (1916), that due to 
cedema or some other abnormality in the extra- 
cellular constituents of the tissues the current is 
being blocked or short circuited from the excitable 
elements. The same restrictions bear on_ the 
implications of a slow contraction. If this is present 
it means that at least some of the muscle fibres are 
denervated, (other conditions such as myotonia 
being excluded), but its absence may only mean that 
the muscle is warm. Similarly, the presence of a 
response to nerve trunk stimulation is of obvious 
importance, but its absence is of dubious significance. 

Measurements of excitability are subject to the 
same restrictions of interpretations. If the presence 
of an excitable element with a short time factor is 
ascertained it is obvious that nerve fibres are 
present. The failure to find such an element may, 
however, be due to various factors, one of which 
is the relative indifference of regenerating nerve 
fibres to electrical stimuli as described by Erb 
(18836) and more recently by Bauwens (19410). 
Similarly, a long time factor would indicate the 
presence of denervated muscle fibres, but would not 
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exclude the presence of some fibres with intact 
innervation. 

These assertions suggest only one thing—namely, 
that every effort should be made to elicit the type 
of response that is being looked for. Thus, if one 
desires to determine if a muscle is receiving a nerve 
supply in the absence of a response to voluntary 
innervation or nerve trunk stimulation, the cathode 
should be placed so that it is most propitiously 
situated in regard to the nerve fibres. As the 
response to direct stimulation of the muscle fibres 
may be confusing this should be eliminated so far 
as is possible without detriment to the immediate 
object. Therefore, the indifferent electrode should 
be placed so that the current does not flow through 
more of the muscle than is necessary, and brief 
stimuli of 1 to 5 msec. should be used. It is also 
advisable that these currents should enter the tissues 
without too much distortion. Therefore, a stimu- 
lator such as described by Bauwens (1941) should be 
employed. This has the added advantage that it 
will enable two or three points of a strength- 
duration curve to be ascertained and so give an 
absolute decision as to whether the response if 
present is due to the stimulation of nerve fibres or 
to the direct stimulation of muscle fibres with a low 
threshold. In the same way, if it is desired to 
ascertain if denervated fibres are present the maxi- 
mum opportunity should be given for them to 
express themselves. The limb should be moderately 
cool and the electrodes applied to each end of the 
muscle. A-slow contraction with long stimuli or 
several points on a strength-duration curve will 
reveal their presence. 

A final word may be said with regard to the value 
of testing with galvanism and faradism. A slow 
contraction to galvanism or a response when the 
nerve trunk is stimulated with faradic currents 
carries obvious implications. Otherwise, the infor- 
mation which can be obtained is of no value and 
merely supports the clinical findings without adding 
to them. In some cases the information may be 
misleading, for faradic currents can, if of sufficient 
intensity, stimulate denervated muscle. 


Summary 


An attempt has been made to discover the reasons 
underlying the slow contraction and prolonged 
excitation time of denervated muscle. 

It was shown in the first place that denervated 
muscles are prone to develop repetitive excitation 
when subjected to an electrical current. 

This manifestation was found to be responsible, 
in conjunction with a cool state of the muscle, for 
the prolonged contraction. The. phenomenon of 
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galvanotonus has also been attributed to repetitive 
firing of the muscle fibres. 

The prolonged excitation time was found to be 
partially due to repetitive stimulation, and it was 
also attributed to the relation of the muscle fibres 
to the field of the current. 

Clinical implications have been briefly noted. 


Grateful acknowledgment is tendered to Dr. W.- 
Schlapp of the Department of Physiology of the University 
of Manchester for help in calibrating the stimulator and 
to Mr. R. W. Taylor of Warrington for advice concerning 
various electrical problems. 
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A PEDIGREE OF MENTAL DEFECT SHOWING SEX-LINKAGE 


BY 


J. PURDON MARTIN and JULIA BELL 
(From the National Hospital, Queen Square, London) - 
(RECEIVED 7TH OCTOBER, 1943) 


Tue following history of imbecility in eleven males 
of two generations was brought to our notice 
some years ago when a child aged eighteen months, 
now indicated as V 54 on the adjoining pedigree 
chart, was brought to the outpatient department 
at the National Hospital by his mother who suspected 
that he was showing the signs of mental deficiency 
which she had already seen develop in some of the 
sons of her sisters; she was further aware of the 
condition in her cousins IV 13 and 14. The mother 
of the patient, IV 22, was intelligent and was much 
concerned about the family history; she provided 
at that time complete information regarding her 
own branch of the family and obtained the collabora- 
tion of her aunt, III 1, in working out the extended 
pedigree, including the three defective brothers 
V 16, 18, and 19. At this time one of us (J.P.M.) 
visited many of the descendants of III 4; he noted 
the undoubted intelligence of the seven daughters 
of II14 and examined their defective sons in 
institutions or in their homes. 

More recently we have been able to get in touch 
with some of the descendants of III 2 and to see 
the three imbecile sons of IV 3. This side of the 
pedigree has been much extended since the original 
history was given by III 1, and to some extent 
modified. Our information was provided by IV 3 
and 4, but they did not welcome inquiry and dis- 
couraged our attempt to see the only other living 
member of the sibship IV 1-11, or to call upon V 13. 
IV 3 was uncertain about some details regarding the 
sex and number of her nieces and nephews and we 
did not feel assured that she would know if, for 
example, IV 2, or IV 9 had had defective sons or 
grandsons. Two of the twins of IV 2 had died in 
infancy, but IV 3 did not know whether they had 
been boys or girls. It is illustrative of the secretive- 
ness of this branch of the family that at the time of 
the earlier pedigree III 1 was unaware that she had 
any grandchildren through her daughter IV 2, 
or that her son IV 1 had more than one child. 
IV 3 was fiercely protective in her attitude to her 
imbecile sons and resentful that, when found as 
small boys wandering in Hyde Park, they had been 
placed in an institution; she believed that they 
could have helped her at home and contributed to 
the family earnings; she suggested that their lack 
of mental development was due to lack of teaching, 
though actually it had been found impossible to 
teach them in special schools. Had we not seen 


those sons their mother would have given us an 
entirely erroneous impression of them; she attributed 
their condition to the shock to her, when she was 
carrying V 16, due to V 15 falling from a window 
through 19 feet to the ground. IV3 was quite 
unaware that any other cases of mental defect had 
occurred in the family. 

In the present inquiry IV 22 has again been 
helpful, and she and her eldest sister IV 16 have 
brought the history of their section of the family up 
to date. 

We have examined the three defective sons of 
IV 3, and have re-examined all but one (V 51) of the 
six defective grandsons of III 4. All these eight 
and also V 51 show a severe degree of dementia, 
their mental ages being between two and four years. 
In seven of them the dementia is simple, in the other 
two (V 48 and 50) it is complicated by pronounced 
psychotic traits. No peculiar features, either mental 
or physical, have been recognized which would serve 
to distinguish the disease which afflicts this family 
from other forms of dementia. For the most part 
their affective state is normal: they are good- 
tempered, not abnormally moody, docile, and 
interested in their environment. It will be evident 
that with such a temperament they are not anti- 
social, but are able to fit in a limited way into 
society; thus V 51 and V 54 still live at home and the 
latter obtains simple employment; V 38 and 41, 
though now in an institution, lived at home till 
recently; and V 16 lived at home up to the age of 16. 
They have been brought up by intelligent mothers 
and are clean in their habits, and are in general 
able to perform such duties as are within the mental 
capacity of a child of three or four years. They 
do not, however, show the activity, initiative, and 
imitativeness of a normal child of that age. Their 
vocabulary is extremely limited; in fact most of 
them are almost inarticulate. They can answer 
very simple questions by “ yes” or “no”; they 
can say their own names (not always correctly) 
and the names of the most common objects; none 
of them can make a sentence; V 54 when asked 
what work he did (carrying coal) after long hesitation 
and obvious agitation uttered the single word 
** black.” Of the two psychotic members of the 
group, V 50 is of paranoid type—suspicious, pug- 
nacious, resentful, and destructive; V 48 is markedly 
schizoid, and has now reached a state of almost 
complete mental detachment from his surroundings, 
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A PEDIGREE OF MENTAL DEFECT SHOWING SEX-LINKAGE 


with mutism and unceasing stereotyped movements. 
This patient, in contrast to all the others, is of a 
delicate physical type. 

Physically the affected members are not abnormal. 
They are in general of sturdy build, but they do not 
show any distinctiveness in shape of head or face, 
colour of eyes, dentition, bodily proportions, or 
other observed physical character. They show no 
abnormal physical signs in their nervous systems. 
They began to walk about the age of two years, 
and their gaits are normal. Their sexual develop- 
ment appears to be normal. 

Five of these patients are now over thirty years of 
age and there is no evidence that the disease is pro- 
gressive. It is true that one individual (V 48) has 
shown marked psychotic deterioration at the age 
of puberty, but he is in various ways exceptional. 
The mental and physical states ‘of the others are 
stationary. This suggests that the disease is 
essentially a defect of development, which remains 
unchanged throughout life. In this way it differs 
from other hereditary cerebral diseases such as 
Huntington’s chorea, tuberose sclerosis, cerebro- 
macular degeneration (Tay and Sachs), and the 
Pelizaeus-Merzbacher disease, as well as from the 
hereditary ataxias and the myopathies. Rather is 
it analogous to hereditary defects of bodily develop- 
ment such as aniridia and albinism. 

During the seventeen years that this family has 
been under observation no opportunity has occurred 
of examining the brain of an affected subject. The 
complete absence in the affected individuals of 
disturbances in the motor, somatic sensory and 
special sensory functions suggests that the cerebral 
defect is chiefly, if not entirely, in the pre-frontal 
portions of the cerebral hemispheres, and the very 
imperfect development of the speech function is in 
keeping with this suggestion. 

The following are brief notes of the affected 
individuals whom we have examined :— 


V 16.—Now 37. Has been in institutions since the 
age of 16. Mental age by different tests 2-7-4 years. 
Conforms to the general description given above; 
cannot count: does not know any letters. “ Intensely 
curious and follows the nurses about, watching their 
doings.” Affectionate and sociable. Hoards rubbish. 
Physically, long trunk relative to length of legs. 

V 18.—Now 33. In institutions since age of 13. 
Mental age 3 years. Conforms to general description. 
Not aggressive, sociable, helps a little in the ward. 
Cannot repeat two numbers. Physical proportions, 
normal. Does not speak distinctly. 

V 19.—Now 31. In institutions since age of 9. 
Normal age about 3 years. Cannot say whether he is a 
boy or a girl. Very shy. Not so good-tempered as 
his brothers; impulsive and occasionally violent. 
Physically similar to V 16. 

V 38.—Now 36. Lived at home until his father died 
about a year ago. Mental age 4-4 years. Good-tem- 
pered; answers in single words. His mother said he 
was capable of helping in the house by bringing in coal, 
etc., sturdy build. Rather long trunk relative to legs. 

V 41.—Now 27. Lived at home till one year ago. 
Mental age 3-5 years, but his mother says he went to a 
school till he was 11. Affectionate; sociable; well- 
behaved. Mother recognizes that he is not capable of 
as much as his brother (V 38). 

V 48.—Now 17. Lived at home till age of 14. Low- 


155 


grade imbecile with katatonic psychotic traits. Is 
unemployable, wet, and dirty. Has shown gradual 
mental deterioration since admission to an institution. 
Delicate physical type. Does not resemble any of his 
cousins. 

V 50.—Now 30. In institution since age of 8. Men- 
tal age cannot be tested because of patient’s attitude. 
Does not answer any questions, suspicious, resistive, 
spiteful, destructive. Sturdy physical build. Cephalic 
index 85. Notes say he learned to walk at 2} years and 
talked at the age of 3. 

V 51.—Now about 27. Lives at home. 
and physically conforms to general description. 

V 54.—Now 18. Lives at home. Used to go round 
with milkman and take milk bottles to doors. Now 
helps a man to deliver coal in the street. Mental age 
about 3 years. Answers in single words. Good- 
tempered; very shy. Physically taller than his affected 
cousins; strong build; big face and jaw. In features 
takes after his mother, but in him her features are 
exaggerated. 


Mentally 


The two larger divisions of this family are derived 
from III 2 and III 4, believed to be normal; both 
these brothers have large families and III 2 lived 
to be 84; IIL 4 was a bricklayer who died from 
gastritis at the age of 51. Of the siblings of III 2 
and 4, one brother III 5 and his descendants are 
said to have been normal. III 3 appears to have 
been a woman of assertive character whose house- 
hold was avoided by the daughters of III 4, and by 
IV 3, not alone because of her defective sons who 
lived at home; she was said by III 1 to have been 
normal. The two sons of III 3 were well remem- 
bered by their cousins, IV 16 and 22, as severe 
cases of mental deficiency, conspicuous in the streets 
and frightening to little girls; we have been unable 
to discover the fate of these sons or to hear of any 
descendants of their sister IV 12, believed to have 
been normal. 

The two main branches of this family never 
see one another; the descendants of III 4 appear 
to live under more comfortable conditions than 
those of III 2; but the same rather quick in- 
telligence and efficiency in some respects, is 
suggested by IV3 as is evident, accompanied 
perhaps by more self-control, in the daughters of 
Ill 4. IV 3, a heavily built woman, crippled by 
arthritis, is of a dominating type with a highly 
nervous temperament; her daughter, V 15, is a 
dressmaker and if she seemed nervous and in- 
articulate in her home it must be remembered that 
she has always been held responsible there for the 
state of her imbecile brothers. IV 4, said that all 
his children, apart from the defective sons, had 
done well; V 14, in the Army, has four healthy 
children; V 13 is evidently intelligent; V 17 has three 
children of whom two have already won scholar- 
ships. V12 died from diphtheria; two children 
under V 22, were premature and still-born. Less 
is known of IV 3’s brothers and sisters. IV 8 was 
killed in the War of 1914-18. Four of the five 
living children of IV 11 are now serving in the Army; 
V 32, said to be very fat, is employed in a fish shop. 
We may safely assume with regard to this branch 
of the family that the children of III 2 and of IV 3, 
and IV 11 are accurately described on the chart; 
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information regarding the offspring of IV 1, 2, 9, 
and 10 may—or may not—be incomplete. . 

Our knowledge of the other main branch of the 
family is more satisfactory. Of the five children of 
IV 16, two are typical instances of the family disease; 
two normal sons are serving in the Army; V 42 is 
working in a hospital; she reached a fair standard 
at school and in a brief interview appeared to be 
normal, but her mother regards her as rather 
backward in that she can never calculate what 
change she ought to have when shopping. IV 17 
had two daughters who won scholarships. V 43 
is described as “* backward ’’; she was educated in 
schools for the defective, and was unable to do the 
simplest arithmetic, but she has always lived at home 
and was able to look after her young brothers and 
sisters; she does not fall into the same category as 
the imbecile sons of the stock; this woman has 
lately married a man of mental equipment similar 
to her own. Of V 45-47 one was still-born, one 
was found dead in his cot one morning; all died 
before it was possible to make any note of their 
mental state. The only surviving son of IV 17 is 
the psychotic imbecile V 48. IV 21 had one child, 
a ‘* backward ” daughter who works as a waitress 
in a restaurant; she is able to take orders and carry 
round trays, but cannot make out accounts, or do 
the simplest arithmetic. IV 22 asked to be, and was, 
sterilized in order to avoid the risk of having 
further defective children. IV 24 has two unusually 
clever children who have both won scholarships; 
her son V55 died at 9 months from. status 
lymphaticus. IV 18 and 19 died in early infancy. 

I 1 was known to have died in an asylum, but no 
further particulars concerning him were available; 
we think his mental disturbance was probably one 
which came on late in life, and was quite unrelated 
to the defect in his descendants. II 1 is believed to 
have been normal; he died as the result of an 
accident in which he was thrown from a dogcart. 
II 2 occupies a key position in the pedigree, for if 
the defect here described is sex-linked she represents 
the probable means of its introduction into this 
family. Unfortunately little is known of her and 
nothing of her brothers and sisters. 

Two rather serious doubts remain which concern 
the mental states of IV 7 and V1. III 1 reported 
that V 1, who died from diphtheria aet. 7, had not 
been mentally normal; IV 3, however, says that he 
attended the ordinary schools and was normal, 
running about and playing with other children 
until his fatal illness; when told that III 1 had 
reported otherwise, she said that this was because 
her mother had never liked the child’s mother! No 
other member seen by us had any personal recol- 
lection of this boy; the account given by IV 3 
certainly suggests that he was normal. IV 7 was 
‘classified as mentally normal by his mother III 1, 
and by IV 3 and 4; IV 22 said he was illiterate and, 
in her opinion, probably not mentally normal; 
IV 16 said he never went to school and was unable 
to speak clearly; she remembered seeing him about 
in the streets and thought he was certainly not 


normal, IV 3 and 4, on the other hand, were jp 
closer touch with him; they say he was always at 
work, as a labourer, and was employed by the 
Borough Council. IV 3 helped to nurse him when 
he became ill and very emaciated from tuberculous 
disease; she was unwilling to think he was not 
perfectly normal. It may be that he suffered from 
some lack of development, but it cannot have been 
of the same degree as that shown by the defective 
members of the family whom we have examined, and 
the condition may not have been of genetic origin, 

The interpretation of this family history from the 
genetic standpoint is not quite straightforward, 
All cases of gross mental defect occur in males 
who are sons of normal females of the stock; if we 
assume—as seems likely, despite some conflicting 
evidence—that IV 7 and V1 do not fall into the 
same category as their imbecile cousins, we cannot 
escape the conclusion that a sex-linked gene is in 
operation. The simplest explanation to offer 
seems to be that the manifestation of a sex-linked 
gene, introduced by the carrier II 2, was suppressed 
by the presence of some controlling factor in III 2 


.and III 4; III 3 provides evidence of its potentiality 


in her defective sons. III 2 and III 4 were believed 
to be normal. On this hypothesis all the daughters 
of III 2 and III 4 should be potential carriers of the 
defect, liable to have sons half of whom would 
exhibit the defect, and daughters, half of whom 
would be carriers. The pedigree is not inconsistent 
with this hypothesis, though we should like to have 
more first-hand information concerning the families 
of IV 2 and IV 9, and to know particularly whether 
the deaths in infancy among the twins of IV 2 
occurred in boys or in girls. With regard to the 
milder form of deficiency, exhibited by the females 
V 42 and 53, we can only record the facts. We 
would remind the reader, however, that occasionally 
genes appear to be incompletely recessive, in that 
they may manifest to a less severe degree in hetero- 
zygotes of the stock; this pedigree may well provide 
an example of such a phenomenon. 

If this interpretation is correct the unaffected 
males of generation V should not be liable to transmit 
the defect. In view, however, of the apparent 
suppression of the disease demonstrated in III 2 
and III 4, we cannot be sure that such examples 
may not occur again. 

It is very rare to find such an hereditary history 
as this in cases of mental defect; the only example 
known to us in the least comparable is that published 
by Ash (1922) and later expanded and described 
by Fraser Roberts (1937) under the title ‘* Sex- 
linked microphthalmia sometimes associated with 
mental deficiency.” Of six males affected with 
microphthalmia whom Roberts personally examined, 
four were in some degree mentally deficient. ‘‘ The 
blind males may be of normal mentality or may 
exhibit any grade of mental deficiency from feeble- 
mindedness to profound idiocy.” In the family 
group referred to there was no mental deficiency 
except in association with the blindness. Penrose 
(1938), in his investigation of 1280 cases of mental 
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defect, found insufficient evidence to support the 
view that sex-linked genes played a significant part 
in the etiology of mental defect—a testimony to the 
rarity of such a history as the one now described. 


Summary 


A family is described in which, in eleven known 
instances, mentally deficient sons have been born 
to normally intelligent mothers; the affected 
individuals show a severe degree of dementia, 
their mental ages being between 2 and 4 years; 
the affective state in most of them is normal. In 
spite of certain difficulties, it is believed that the 
mental defect is due to a sex-linked recessive gene. 

In two known instances relatively slight mental 
deficiency has occurred in females of the family, 
and it is suggested that in these two the causal 
gene was incompletely recessive. 


All but one of the mothers concerned were the 
daughters of two brothers, the other being their 
sister; these two brothers are said to have been 
normal and the hypothesis is put forward that some 
controlling factor caused suppression of the disease 
in them without affecting their liability to transmit 
it. 


We wish to express our thanks to Dr. R. M. Stewart, 
Dr. T. Lindsay, and Dr. K. C. L. Paddle who have 
permitted us to examine patients under their care and 
have given us every assistance. 
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SOCIETY OF BRITISH NEUROLOGICAL SURGEONS 


The THIRTIETH MEETING of the Society was held 
in London on Saturday, May 8th, 1943, at the 
National Hospital, Queen Square. 


PROLONGED POST-TRAUMATIC AMNESIA 
A. A. MCCONNELL . 


Six patients who had sustained concussion and 
had become accessible continued in a state of 
amnesia for over five days. Exploratory operations 
were performed. In one case nothing abnormal 
was found; in five cases a definite subdural effusion 
(‘‘ subdural hydroma ’’) was present. It was sug- 
gested that the subdural effusion had been a factor 
in the prolongation of the amnesia following con- 
cussion. The fluid accumulation was bilateral in 
two of the cases. The volume of the hydroma was 
as much as 200 c.c. in one case, and the protein 
content of the fluid was recorded as high as 3 per 
cent. Rapid improvement in symptoms following 
evacuation of the hydroma was evidence of its 
importance in maintaining disability. 


BRIGADIER RIDDOCH had been interested in cases 
of prolonged amnesia after head injuries. A similar 
state might follow severe hypoglycemia and carbon 
monoxide poisoning. Eventually recovery might 
be complete or sequele might persist. Similar 
states might follow cerebro-spinal meningitis and 
he had seen it in patients who, while showing no 
superficial evidence of injury, had been in air raid 
shelters which had received a direct hit. He felt that 
the previous personality of the individual might be 
important in the long amnesias. 


CoLONEL Davis (U.S.A.) had not seen the con- 
dition described by MCCONNELL. He had experience 
only of cases exhibiting clinical and lumbar puncture, 
evidence of increased intracranial pressure. He 
felt that in the absence of pressure signs the surgical 
attitude should be conservative. 


THE Use oF ACRYLIC RESIN PLATES FOR REPAIR OF 
SKULL DEFECTS 


A. S. KERR 

A few months ago Masor EDGAR KAHN of the 
U.S.A.M.C. told me that he had tried a new plastic 
material on the suggestion of EARL WALKER of 
Chicago. It is an acrylic resin closely allied to 
Perspex. I determined to try it and have already 
used it on seven cases. 

It is far too early to make any final assessment 
but we believe, both from our own experience and 
from that of plastic surgeons, that it is absolutely 
innocuous to human tissues. It has adequate 
strength, is a non-conductor and bacteria cannot 
be grown on it. The material is sent from the 
dental manufacturers in the form of powder and 
liquid which are mixed and poured into a mould 
and then boiled for an hour and finally polished. 
It can be drilled for sutures and trimmed to size 
at the operating table ; while a certain degree of 


moulding is possible if it is heated in a spirit lamp 
flame and held in the desired shape in the surgeon’s 
hands for a few seconds while it cools. 

The operation proved to be surprisingly easy 
and the convalescence in all cases has been uninter- 
rupted except that in some cases a hematoma has 
developed between the skull and the resin plate 
and occasionally has required aspiration. The 
material is non-opaque to X-ray. 


MAJOR KAHN felt that the substance was of great 
value in closing cranial defects. It was a simple 
technique and could be carried out much more 
quickly than a bone graft. 


COLONEL LoyAL Davis stated that this substance 
could be prepared in many forms—Nylon, for 
example, was one. Weight for weight its strength 
compared favourably with that of steel. 


Mr. D. W. C. NorTHFIELD questioned whether 
the material had any advantage over a bone graft. 


Mr. HARVEY JACKSON pointed out that the cellu- 
loid plates used to close cranial defects in the last 
war were unsatisfactory and very frequently had to 
be removed at a subsequent operation. 


Mr. Kerr stated that tissue reaction to the new 
material was quite different to that of celluloid. 


CEPHALIC ANEURYSMAL FORMATION 


NorMAN M. Dott 


A major portion of central nervous dysfunction 
is due to disease of the cerebral vasculature and 
cephalic aneurysmal formations are frequent. The 
intracranial aneurysm makes a strong appeal to 
the surgeon because of the minute flaw in an other- 
wise healthy body, the young life at stake and the 
mechanical nature of the lesion. The possibility 
of accurate localization of the lesion by stereoscopic 
angiography makes the appeal all the greater. 
Certain types of this vascular lesion would be 
considered separately. 


1. The developmental saccular aneurysm asso- 
ciated with apoplexy. 

This is the most common type. Some of these 
aneurysms are situated below the circle of Willis 
while others are on or above the circle. Exact 
localization of the lesion by stereoscopic angio- 
graphy is necessary since those below the anasto- 
motic circle are amenable to proximal ligation in 
the neck, while those at a higher level require local 
treatment. 

In the case of the aneurysms below the circle 
carotid ligation is the treatment but is not without 
risk. The lesion in the cerebrum which follows 
the procedure is probably ischemic and shows itself 
between twelve and seventy-two hours after ligation. 
It may be due to vasospasm. The risk of such 
complications may be diminished by gradual 
obliteration of the lumen of the carotid artery over 
a period of three days by means of a specially made 
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screw clamp and then applying the ligature. If 
symptoms arise at any period the clamp can be 
joosened for a period. Good angiograms may 
enable one to estimate the risk of ischemic cerebral 
lesions following carotid ligation, e.g. by revealing 
compression of one of the main cerebral arteries 
by the aneurysmal sac or by demonstrating an 
imperfectly developed anastomotic circle. 

Saccular aneurysms above the anastomotic circle 
present a different problem. Examples of this type 
had been dealt with—small ones by wrapping muscle 
around the sac; larger ones by opening the sac— 
after temporary occlusion of the main artery—and 
after packing it with muscle suturing the openirig. 

2. The developmental saccular aneurysm as an 
expanding lesion. 

Most neurosurgeons had met the pituitary tumour 
which turned out to be an aneurysm. There were 
several such cases in this series. In addition there 
was a patient with evidence of involvement of the 
second, third, and fifth cranial nerves on the right 
side. An episode in the history suggested an 
aneurysm but a right arteriogram showed none, 
but revealed a mass compressing the right anterior 
cerebral artery. Exploration revealed an aneurysm. 
A subsequent left arteriogram revealed that it arose 
from the left internal carotid and leant across to 
compress the opposite optic nerve and anterior 
cerebral artery. Treatment here was a problem 
since the right anterior cerebral artery was filled 
from the left internal carotid. However, by pro- 
gressive occlusion and ligation of the left internal 
carotid artery vision recovered well and the right 
anterior cerebral opened up satisfactorily. 


3. Carotid cavernous aneurysmal varices. 

These may be either spontaneous or traumatic 
and give rise to congestive protrusion of the eye 
and a bruit. In a number of his cases proximal 
ligation of the internal carotid artery alone had 
been successful but in some the artery had to be 
occluded distal to the sinus in addition by the 
application of a silver clip. 


4. Cerebral arteriovenous aneurysmal varices or 
cirsoid aneurysms. 


These are multiple congenital 
fistule—usually in a group within the brain sub- 


arteriovenous 


stance. Their symptoms are due to impaired 
venous drainage of the cerebral area involved. 
They may cause intracranial hypertension, but 
more usually cause localized fits or paretic pheno- 
mena. Occasionally bleeding occurs. They had 
been treated by X-radiation and carotid ligation 
without great benefit. By locating the feeding 
vessels by angiography it had been possible to 
occlude them and to excise the system of varices. 


5. Congenital cirsoid aneurysms of the scalp. 

This may produce intracranial circulatory dis- 
turbance. He had a patient who had had such a 
lesion since early childhood and who in adult life 
developed Jacksonian epilepsy. Angiography 
showed that the scalp varices were draining partly 
into the intracranial venous sinuses. All the 
enlarged scalp arteries were ligatured and the lesion 
subsequently extirpated by turning it forward in a 
large scalp flap and dissecting the varices out from 
its deep surface. There resulted cure of the 
deformity and epilepsy. 


BRIGADIER CAIRNS congratulated Mr. Dott on 
his excellent contribution and inquired as to the 
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technique of stereoscopic angiography. Mr. 
McConnecLt felt that the stress laid on angiography 
was most important. These lesions could not be 
treated satisfactorily without it. In one case the 
introduction of thorotrast appeared to have induced 
thrombosis in the aneurysm and a spontaneous 
cure. Mr. KNIGHT suggested that in cases where 
it might be dangerous to ligate the internal carotid 
artery a common carotid ligation might be of value 
by itself or as a preparation for internal carotid 
ligation. 


Mr. NorTHFIELD inquired as to the type of silver 
clip used when a carotid cavernous leak was being 
treated by distal occlusion. MAJor SCARFF described 
the special technique employed at the N.Y.N.I. 
which enabled the obliteration of the internal carotid 
artery to be relieved at a moment’s notice. Mr. 
NorMAN Dott described the technique of stereo- 
scopic angiography and stated that the ordinary 
size of silver clip had been found adequate to 
control the internal carotid artery. 


BULBAR TRIGEMINAL TRACTOTOMY—A MODIFICATION 
IN THE TECHNIQUE OF OPERATION 


W. SwEET 


Experiences in the performance of this procedure 
in 11 cases were described as a consequence of 
which a method was evolved which secures essentially 
a total analgesia to pin prick over all areas of the 
skin and mucous membranes supplied by the 
trigeminal nerve. The method consists in 
deliberately extending the incision both ventrally 
and dorsally beyond the limits of the descending 
tract of the trigeminal nerve. The ventral level is 
assured by determining the presence of hypalgesia 
or analgesia on the contralateral side of the body 
as a consequence of damage to the spino-thalamic 
tract, and the dorsal extension by deliberately 
carrying the knife blade to within 1 mm. of the pia 
on the posterior surface of the medulla oblongata. 
It was found that an incision to a depth of 3 mm. 
sufficed to secure the necessary analgesia in all 
cases. The neurological sequele following this 
extensive incision, although considerable, have 
virtually disappeared within 2-4 months of the time 
of operation. A complete report of the work is 
to be published. 


Mr. HARVEY JACKSON had done the operation in 
a few cases. Neurological sequela such as ataxia 
of the arm and unsteadiness of gait had been slight. 
He thought that it was difficult to be sure of pro- 
ducing anesthesia in the distribution of the third 
division of the trigeminal nerve by the procedure. 


BRIGADIER RIDDOCH pointed to the importance 
of the sensory changes in thrombosis of the posterior 
inferior cerebellar artery as an indication of the 
anatomy of the descending root of the trigeminal 
and its nucleus. In such cases the upper part of 
the face was more commonly and more completely 
anesthetic than the lower face. Further, at times, 
involvement of the opposite quinto-thalamic tract 
gave rise to anesthesia on the opposite side of the 
face to that of the vascular lesion. 


CAPTAIN Ecker, U.S.A., asked what was the 
effect of the operation on the corneal reflex. 


Dr. Sweet wondered about the possibility of 
cutting the quinto-thalamic tract and thus producing 
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anesthesia on the opposite side, but he had not been 
able to satisfy himself that it was surgically possible. 
In reply to questions on the point he was of opinion 
that the subjective disturbance following tractotomy 
was no less unpleasant than that which followed 
section of the sensory root of the trigeminal. 
Finally the corneal reflex was not lost—a speck of 
sulphanilamide powder being blinked off the 
cornea. 


SPINAL EPIDURAL ABSCESS 


Major KeitH, R.C.A.M.C. 


Two cases of empyema of the spinal epidural 
space in children are reported, both due to staphylo- 
coccus aureus. The leading clinical feature was 
spinal rigidity and tenderness. One child was 
eighteen months old. The infection spread from 
a small abscess on the buttock. The empyema 
involved practically the whole of the epidural space. 
It was diagnosed by obtaining pus at multiple spinal 
punctures and drained by four openings through the 
lamine at different levels. The child developed 
no obvious paralysis of limbs or bladder and made 
an apparently complete recovery. 

The second case was a twelve-year-old boy. The 
lesion was apparently blood borne from boils at 
the elbow to the epidural space. Sepsis extended 
in an irregular and nearly continuous chain of pus 
and granulation tissue from D.6 to L.5. The 
patient was treated by laminectomy over more than 
half of the area involved. Paralysis, which was 
nearly complete in the lower limbs, recovered over 
a few weeks and the patient eventually made an 
apparently complete recovery. 

Both patients were treated fairly late in their 
illnesses with rather large doses of sulphathiazole. 
Attention is directed to the wide distribution of the 
suppurative process. Mr. Kerr had recently had 
two cases of this type. He felt that the prognosis 
was bad. Major Kahn (U.S.A.) had seen at least 
ten such cases. 


PRESSURE PALSY OF THE LATERAL POPLITEAL NERVE 
IN THE PARALYSED LIMB 


CAPTAIN W. S. Lewin, R.A.M.C. 


Attention was drawn to the vulnerability of the 
lateral popliteal nerve as it winds around the neck 
of the fibula, how it may be damaged by the local 
pressure of splints and plaster. In cases of hemi- 
plegia and paraplegia the wasting of the limbs and 
the attitude of the paralysed limb, lying everted with 
the outer side of the knee resting on the bed, were 
additional factors important in the incidence of this 
pressure palsy. 

A combination of three methods (clinical examina- 
tion, electro-myography and the sweating reaction) 
was used to demonstrate the existence of these 
lateral popliteal nerve palsies in limbs already 
paralysed. The electromyogram and the sweating 
test, however, gave proof of these peripheral palsies; 
the presence of fibrillation action potentials in the 
muscles concerned indicate a lower motor neurone 
denervation whilst the sweating test, in a peripheral 
nerve lesion, will map out a corresponding area of 
anhydrosis. 

Five case records were described demonstrating 
the application of these methods. Three of the 
lateral popliteal nerve palsies recorded were due 


to faulty posture of the paralysed limb in bed, one 
followed the application of plaster back splints 
and one after prolonged pressure on the nerve 
enforced by lying on the hemiplegic side because 
of a coincident infection in the other leg. Four of 
the five cases came from overseas and they were all 
seen within a period of three months which implied 
that this complication was commoner than usually 
supposed. The importance of. these cases lay jn 
their prevention. In the Services where the para- 
lysed patient may have to be transported long dis- 
tances in splints of various kinds and in hard narrow 
beds or stretchers it was: particularly important that 
medical attendants should be fully aware of this 
complication and prevent it; under these conditions, 
it was the wisest policy, where applicable, to 
bandage on lightly a large pad of cotton wool over 
the outer side of the knee. 


COSTO-CLAVICULAR (COMPRESSION OF THE Sup- 
CLAVIAN VESSELS 


G. WEDDELL AND Major M. FALCONER, R.A.M.C. 


Three cases of vascular disturbance in the upper 
limb due to compression of the subclavian artery 
and vein between clavicle and first thoracic rib 
were described. In one of these in which cervical 
ribs were demonstrated the subclavian artery was 
compressed at two places: (1) between the scalenus 
anterior muscle and the apex of the cervical rib, and 
(2) between the clavicle and first rib. In a fourth 
case, which showed neurological disturbances only, 
the subclavian vessels were not compressed, and 
relief was obtained by section of a fibrous band 
compressing C.8 and T.1 nerve roots without division 
of the scalenus anterior muscle. The existence of a 
costo-clavicular compression of the subclavian 
vessels can be recognized by observing the effect 
produced on the arterial pulses of the limb by 
postural manoeuvres of the shoulder girdle. Back- 
ward and downward bracing of the shoulders is 
the movement which obliterates the pulses most 
readily. Observations show that the subclavian 
vessels can be compressed by these forced manceuvres 
in many normal subjects. Symptoms arise only 
when this compression is easily provoked, and if 
the compression is not relieved at an early stage 
features of obliterative arterial disease may super- 
vene. Symptoms when present range from cold 
blue hands with a tendency to chilblains in the 
mildest group of cases, to ‘* Raynaud attacks,” 
arterial thromboses, and even gangrene in the more 
severe cases. 

In the past these cases have been confused with 
those of the “ scalenus anticus ” syndrome. They 
may be differentiated by paralysing the scalenus 
anterior muscle with a local anesthetic. 

In milder cases benefit may be obtained by 
remedial exercises designed to increase the postural 
tone in the muscles of the shoulder girdle. In the 
more severe cases operation is indicated, and is 
best commenced under local anesthesia. The site 
of compression of the subclavian artery between 
clavicle and first rib is demonstrated by getting the 
patient to brace his shoulders backwards and down- 
wards. In positive cases the tip of the forefinger 
is nipped between the clavicle and the rib and the 
radial pulse disappears. When a compression at 
this level is present, the essential part of the operative 
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procedure is removal of a segment of the offending 
rib from beneath the artery, for division of the 
scalenus anterior muscle alone may be ineffective. 


Mr. J. B. PENNYBACKER pointed out that while 
cases of the cervical rib syndrome were relatively 
rare in neurosurgical practice he believed that they 
were very common in general practice. 


Mr. NoRMAN Dott pointed out that costo- 
clavicular compression was largely due to defective 
muscle tone. 
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Major J. SCARFF agreed with this and stated that 
many of the cases would respond well to physio- 
therapy alone. 


Mr. O’CONNELL was interested in that another 
explanation had been put forward to explain 
symptoms of cervical rib in the absence of abnormal 
rib. It was interesting too to note that in these 
cases abduction of the arm obliterated the pulse— 
the exact opposite to what is supposed to occur in a 
cervical rib. He had recently had such a case and 
relieved the circulatory disturbance by excising the 
anterior portion of the first rib. 
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Cases, with Autopsy.  F. G. Ebaugh, C. H. Barnacle, and 
K. T. Neubuerger. 107 


Acute Syphilitic Anterior Poliomyelopathic Syndrome: Report of a 
Case. ms 


L. F. Barker. i 
Arterial H pertension following Metrazol Shock Therapy. W. C. 
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Menninger. 120. 


Technical and Occasional Notes: 
An Apparatus to be Used in Recording Tremors. A. A. Morris. 
123. 


Regenerative Capacity of Ventral Roots.— Ventral 
spinal nerve roots were avulsed from the cord in four 
cats and the animals killed after periods of from four 
weeks to one year. Evidence of regeneration was sought 
during life and found in the longest-surviving animal. 
Reinnervation of the denervated skeletal muscle was 
demonstrated histologically in the two longest-surviving 
animals. Evidence of vigorous regeneration on the part 
of the ventral root fibres was observed either grossly at 
autopsy or on microscopic examination in all the animals, 
beginning deep in the rootlet tracts of the cord. The 
cells of the cord were variously affected, many being 
destroyed completely, others surviving. The assumption 
that ventral nerve roots cannot regenerate if avulsed 
from the cord is, therefore, obviously unfounded as a 
generality. The evidence invites reconsideration of the 
potential regenerative capacity of the ventral spinal roots 
after similar damage in man. .(R. M. S.) 


Diseases of Muscle.—The case history of an adult with 
progressive muscular atrophy is presented. The features 
were typical of chronic anterior poliomyelitis with the 
unusual feature of onset of disability in infancy. Pro- 
stigmine and physostigmine increased the fasciculations 
in this patient and in other subjects with progressive 
muscular atrophy. Prostigmine had greater effects on 
fasciculations than had physostigmine even when the 
inhibitory effect on choline esterase activity of the serum 
was the same. It is postulated that the effect of fascicu- 
lations is due only partly to the anti-esterase activity of 
the drugs and that these drugs have a direct action on 
skeletal muscle. In addition to increasing fasciculations 
in areas where they already are active, prostigmine and 
physostigmine may induce fasciculations in areas pre- 
viously free of them, even when the drugs are given in 
doses that are without effect in normal subjects. Two 
patients with progressive muscular atrophy who received 
large amounts of ascortic acid excreted in the urine an 
era low percentage of the administered vitamin. 
(R. M. S.) 


Fascicular Muscle Twitchings.—It is assumed that the 
injection of procaine into a peripheral nerve blocks com- 
pletely the passage of stimuli in the motor nerve fibre 
and from the use of this method in their experiments the 
authors conclude that the stimuli provoking fascicular 
twitchings which appear in the muscles of patients with 
amyotrophic lateral sclerosis appear to be derived mainly 
from peripheral motor nerve fibres. In patients with 
numerous fibrillations these stimuli seem to arise from 
the entire nerve process and probably also to a less 
extent from the cell body. In other patients, with few 
fibrillations, the stimuli appear to arise almost entirely 
from near or at the termination of the nerve fibres. 
(R. M. S.) 


_ Familial Type of Infantile Paralysis.—A disorder occur- 
ring in three siblings, leading in all of them to a fatal 
termination at the age of two years, is described. The 
clinical manifestations consisted of (1) progressive 
flaccid paralysis in which the distal portion of the 
extremities was least involved and the tendon jerks were 
not necessarily absent; (2) signs of involvement of the 
brain stem consisting of strabismus, loss of articulation 
and difficulty in swallowing; and (3) varying degrees of 
impairment of mentation. Amaurosis was not present. 
The clinical diagnosis of Werdnig-Hoffman disease was 
made in one case. In this case diffuse changes were 
noted post mortem. They were most severe in the spinal 
cord, brain stem, and cerebellum. Swelling and dis- 
appearance of cells and dendrites were seen. Patho- 
logical changes in the glia were pronounced. The 
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pyramidal tracts and portions of the posterior column 
were partially demyelinated. | Hematoxylinophilic 
granules (prelipoid deposits) were observed in both the 
central nervous system and the visceral organs. The 
disease appears to be most closely related to amaurotic 
family idiocy, in spite of certain clinical and pathological 
differences. Similarities. between this and other forms 
of heredofamilial neurological disorder are pointed out, 
including the frequent involvement of the phylogeneti- 
cally younger ascending and descending pathways. 
(R. M. S.) 


Experimental Neuroses and Psychotherapy.—Artifi- 
cially induced motivational conflicts in animals induce 
** experimental neuroses,” characterized by anxiety 
reactions, persistent inhibitions, sensory hyperesthesias, 
phobias, compulsions, and other aberrant behaviour 
patterns that correspond to those in human psycho- 
pathology. These neurotic manifestations are dimi- 
nished or abolished by various therapeutic techniques 
which (1) mitigate the intensity of the motivational con- 
flict, (2) decrease the resultant anxiety, (3) force a solu- 
tion by environmental pressure, (4) furnish a “ social 
example ” of more satisfactory behaviour, or (5) provide 
the animal with manipulative means to “* work through ” 
the emotionally conflictful reality situation. These 
observations are consistent with certain psychobiological 
principles applicable alike to comparative dynamic 
psychology, to semeiotic psychiatry, and to clinical 
psychotherapeutic techniques. (R. M. S.) 


Constitution Differences between Patients with Epilepsy. 
—From a foregoing study of the morphology of the 
capillaries of the nail fold of 78 deteriorated epileptic 
patients and 100 epileptic patients without deterioration 
it may be concluded that the following significant differ- 
ences between the two groups exist. 

1. The so-called normal or simple hairpin-shaped 
capillary loop occurs more frequently in the nail folds 
of non-deteriorated subjects than in those of the mentally 
deteriorated ones. 

2. Rudimentary or poorly developed capillary loops 
are found in a larger proportion of institutional patients 
than of non-deteriorated ones. 

3. Tortuous and bizarre capillaries are significantly 
more frequent among deteriorated subjects than among 
non-deteriorated ones. 

4. In the mentally deteriorated epileptic patients the 
incidence of capillary loops in which one limb is much 
more fully developed than the other is greater than in 
the mentally normal epileptic patients. 

From these observations it is concluded that further 
evidence has been adduced to support the view that there 
are constitutional or inborn differences between the 
deteriorated and the non-deteriorated patient with 
epilepsy. (R. M. S.) 


Distribution of Iodine in Blood Serum and in C.S.F.— 
Only minute amounts of iodine, less than 0-1 to 0-4 micro- 
gram per hundred cubic centimetres, are present in the 
spinal fluid, in contrast to relatively large amounts, 4-9 
to 8-8 micrograms per hundred cubic centimetres, in the 
blood serum. When the inorganic iodine of serum is 
increased to more than 100 micrograms per hundred 
cubic centimetres for days or a week, only a slight rise 
of 1 to 6 micrograms per hundred cubic centimetres 
occurs in the spinal fluid unless the protein content of 
the cerebrospinal fluid is also elevated. There is, there- 
fore, a definite barrier for iodine between the serum and 
the cerebrospinal fluid. These observations add further 
evidence indicating the unique nature of cerebrospinal 
fluid as compared with the other body fluids. They 
illustrate the peculiarly selective properties of the blood- 
cerebrospinal fluid barrier. (R. M. S.) 


Functional Representation in Nuclei.—Electric stimu- 
lations and lesions were made in the oculomotor and 
trochlear nuclei of monkeys. These experiments indi- 
cate that individual ocular muscles are functionally 
represented within the ipsilateral oculomotor nucleus, 
while the superior oblique muscle is governed by the 
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contralateral trochlear nucleus. The dorsoventral and 
rostrocaudal arrangement of functional representation of 
the ocular muscles is as follows: (1) sphincter pupille; 
(2) inferior rectus; (3) ciliary (?); (4) inferior oblique 
(2); (5) internal rectus; (6) superior rectus; (7) levator 
palpebrarum; (8) superior oblique (contralateral). 
(R. M. S.) : 

Fatalities following Electric Convulsive Therapy.—Two 
fatalities following electric shock treatment are reported. 
In the first case death was due to coronary occlusion and 
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Amyotrophic Lateral Sclerosis—In cases of amyo- 
trophic lateral sclerosis there appears to be a close corre- 
lation of the number of muscular fibrillations and the 
speed of the progress of the disease. Primary lateral 
sclerosis and progressive muscular atrophy both without 
muscular fibrillations, ran a course similar in many ways 
to that of amyotrophic lateral sclerosis, except that it 
was more slowly progressive. It is suggested that the 
patients with slowly progressive muscular atrophy with- 
out muscular fasciculations were suffering from an 
arrested or a slowly progressive type of amyotrophic 
lateral sclerosis, approximately 10 per cent. of the cases 
falling into this group. Data are also presented which 
suggest that an occasional patient with the clinical picture 
of amyotrophic lateral sclerosis recovers. (R. M. S.) 


Histogenesis of Early Multiple Sclerosis Lesions.—The 
author demonstrates rather strikingly the frequent asso- 
ciation of the early lesions of multiple sclerosis and 
vascular disturbances. The latter consisted of throm- 
bosis of small veins and dilatations, engorgement and 
stasis of the capillaries and veins. The great majority 
of small lesions have been observed to be orientated 
about small veins. The question arises why vascular 
disturbances, which can be considered as of frequent 
occurrence in small and recent plaques, are relatively 
infrequent in the large and older lesions. Two factors 
appear to be of importance: (1) In elongated lesions 
containing central veins the patches never tend to follow 
the entire course of the blood vessel. The foci usually 
envelop the central vein for a short and limited distance 
and as the lesion becomes larger the relation with the 
primary blood vessel becomes less evident. (2) The 
presence or absence of vascular changes in lesions may 
depend on the duration of the morbid process; thrombi 
of the small veins in older lesions may disappear without 
atrace. (R. M. S.) 


E.E.G. and Changing Blood Sugar Level.—A study of 
electro-encephalograms on forty healthy college students 
under varying conditions, emphasizes the close relation- 
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myocardial infarction. In the second case the general 
autopsy observations were without significance. [t Was 
assumed that the fatal outcome was due to post-conyy. 
sive respiratory arrest. Both cases showed rather wide. 
spread but not serious, histological changes in the brain 
The pathogenesis and the significance of the histologicaj 
changes are discussed. The importance of repeated 
careful investigations of cardiac function in patients who 


are considered for electric shock treatment is emphasized. 
(R. M. S.) 


é February 1943. 


ship of the electro-encephalographic reactions to low 
blood sugar and to hyperventilation and also the depen. 
dence of both reactions on individual differences revealed 
by careful examination of the routine electro-encephalo- 
gram. (R. M. S.) 


Insulin and Epinephrine Tolerance Tests in Schizo- 
phrenics.—An investigation was made of the glycemic 
and autonomical reactions of 32 schizophrenic and 2 
normal men; 41 per cent. of the patients showed some 
degree of resistance to insulin. The reactions to hypo- 
glycemia were the same in the two groups. A lessened 
reactivity in blood sugar following the injection of 
epinephrine was noted in the patients. In general, the 
normal subjects showed greater changes in the blood 
pressure and pulse rate, paralleling the differences in the 
blood sugar between the two groups. (R. M. S.) 


Cerebral Dysrhythmia and Eclampsia.—Thirteen, or 
65 per cent., of twenty patients with eclampsia had 
electro-encephalograms indicative of cerebral dys- 
rhythmia, as compared with two, or 10 per cent., of 
twenty patients with pre-eclampsia. It is suggested that 
a primary cerebral dysrhythmia may be present in 
patients having the syndrome of eclampsia, and that the 
associated toxemia may be the “ trigger mechanism” 
that exaggerates the inherent dysrhythmia to the degree 
that convulsions appear. (R. M. S.) 


Intracranial Epidermoids Below and Above Tentorium. 
—A review of the literature revealed 205 cases of intra- 
cranial epidermoids. Of this number, seven instances 
have been recorded in which the lesions was situated in 
both the supratentorial and the infratentorial position, 
and to these the eighth example is added. It is suggested 
that the term “cutaneous proliferating cyst” (Paget) 
would be an acceptable designation for the neoplasm 
now called epidermoid, or cholesteatoma. (R. M. S.) 


Pseudo-Jacksonian Epilepsy.—An apparently specific 
epileptic syndrome occurring in children is described. 
It consists of repeated clonic jerkings of the extremities 
of one side of the body, starting abruptly and simul- 
taneously in the arm and the leg, without “ march ” or 
loss of consciousness. The attacks occur with a rather 
constant frequency in each case, several to many times 
daily. Hemiparesis on the side of the seizures developed 
at one time or another in each of the cases studied. 
Pneumo-encephalograms revealed mild diffuse hypo- 
plasia of the affected brain in 6 of 7 cases. In one case 
a subcortical calcified, degenerated area was revealed. 
Pacchionian granulations appeared unusually dense in 
four cases. Treatment with phenobarbital or dilantin 
was usually without effect on the seizures. Lysis of the 
abnormal pacchionian granulations produced decided 
improvement in 3 of 4 cases, and removal of the calcified 
mass gave relief from both seizures and hemiparesis in 
another case. (R. M. S.) 


Midbrain Deafness.—As a rule, lesions which produce 
deafness involve the eighth nerve or its terminal fila- 
ments; they may, however, cause impairment of hearing 
when confined to the brain stem. In a case of sudden 
and complete deafness a glioma was found infiltrating 
the tegmentum of the midbrain. The other localizing 
signs were the presence of sluggishly reacting pupils, 
which later became unequal and fixed, and pathological 
drowsiness and mental symptoms resulting from involve- 
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ment of the hypothalamus. In addition, extension of 
the tumour to the medulla gave rise to weakness of the 
soft palate and dysphagia. An unusual feature of the 
case was the absence of increased intracranial pressure. 
This was explained by incomplete occlusion of the aque- 
duct of Sylvius. (R. M. S.) 


Paraphenylenediamine Poisoning.—A case of para- 
henylenediamine poisoning following the use of a 
popular hair dye named * ursol ”’ is reported. In addi- 
tion to the typical clinical and pathological changes 
following such an intoxication, neurological signs and 
symptoms, with pathological changes in the nervous 
system, also developed. The most important of these 
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421. 

Effect of Autonomic Drugs on Cerebrospinal Fluid Pressure in 
Schizophrenic and Other Psychoses: I. Effect of Histamine. E. 
Friedman and T. Thale. 449. 


Clinical, Technical and Occasional Notes: 


Electrical Skin Resistance Technic Used to Map Areas of Skin 
affected by Sympathectomy and by Other Surgical or Functional 
Factors. F. G. Whelan and C. P. Richter. 454. 


Experimental Studies on Headache.—The authors 
produce convincing evidence in favour of the view that 
the headache associated with either decreased or in- 
creased intracranial pressure results from traction on or 
displacement Of pain-sensitive intracranial structures and 
is independent of generalized intracranial pressure 
changes per se. (R. M. S.) 

Predisposing Factors in Bromide Intoxication.—The 
hypothesis is advanced that there is a synergistic relation- 
ship between the phenomena referable to bromide intoxi- 
cation and the underlying organic lesions. It is con- 
cluded that in the great majority of the cases a distinct 
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se aia Sequelz of Partial Exsanguination. J. ©. Murphy: 


Grouping Behaviour of Normal Persons.—Further 
analysis has been made of the grouping behaviour of 
normal subjects and of persons with lesions of the brain 
from the series previously reported by one of the authors 
(W. C. H.). Groups of geometrical test figures having 
certain characteristics in common were presented by 
means of a special apparatus. Both qualitative and 
quantitative evidences of deviation from normal per- 
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changes was the oxidase reaction, resulting in deposits 
of pigment granules in the nerve cells of the pallidum, 
the striatum, the hypothalamus and the dentate nucleus. 
(R. M. S.) 


Treatment of Schizophrenia.—Sixty-six patients suffer- 
ing from schizophrenia were given insulin shock therapy, 
and the results were compared with those for a group of 
132 patients treated by conservative methods. Analysis 
of the subsequent courses for the two groups showed 
similar remission rates. Insulin shock therapy by the 
method described does not increase the remission rate of 
schizophrenia over that with more conservative methods 
of treatment. (R. M. S.) 


3. March 1943, 


etiological significance is to be ascribed to the pre- 
existing pathological conditions. (R. M. S.) 


Sequels of Equine Encephalomyelitis.—A review of the 
literature demonstrates that neurological sequels of a 
chronic and progressive nature may follow the acute 
infection in cases of equine encephalomyelitis. A clinico- 
pathological study of such a case is presented. In this 
case, the lesions consisted chiefly of a destructive process 
which had produced multiple glia-lined cavities within 
the frontal lobes and widespread degeneration of the 
parenchymal elements throughout the brain. Many of 
the vessels were occluded by an endothelial increase or 
by deposition of calcium within their lumens. The 
extensive vascular damage, with occlusion of the lumens 
and ischemia, appears to be the primary cause of the 
tissue damage in this disease and suggests a vascular 
spread of the virus. (R. M. S.) 


Treatment of Schizophrenia with Dilantin.—Sixty 
psychotic patients, chosen as representing clear and 
typical instances of the more important major psychoses, 
were treated with dilantin in doses increased up to the 
point of tolerance. Improvement occurred in over half 
the patients during the period of treatment. It con- 
sisted usually of diminution of excitement and irritability, 
almost irrespective of the type of the psychosis. The 
patients tended to relapse when the drug was withdrawn. 
These results seem to justify a further study of the use 
of dilantin for psychotic states. (R. M. S.) 


4. April 1943 


formance were found in some of the experimental sub- 
jects. This evidence is in line with the earlier observa- 
tions of Halstead obtained on these subjects. Various 
factors bearing on interpretation of the present results 
are discussed. (R M. S.) 

Calcification of Cerebral Cortex.—The clinical and 
pathological features of a case of Alzheimer’s disease 
complicated by the presence of a large meningioma of 
the olfactory groove are presented. The suggestion is 
made that the association of calcification of the cerebral 
cortex with the meningothelioma is part of a patho- 
logical complex and not a mere coincidence. The asso- 
ciation of the Dimitri-Weber calcifications in the brain 
with pathological conditions other than vascular nevi in 
the region of distribution of the trigeminal nerve (Sturge- 
Weber syndrome) is reviewed. (R. M. S.) 


Pentobarbital Treatment of Neurogenic Hyperthermia. 
—Bilateral injury to the rostral region of the hypo- 
thalmus in a series of monkeys results in an acute post- 
operative rise in body temperature which, if untreated, 
proceeds to a fatal level. This experimental hyper- 
thermia is the result of central paralysis of the heat loss 
mechanism, associated with maintained or exaggerated 
activity of the central mechanism for heat production 
and heat conservation. Intravenous administration of 
soluble pentobarbital (pentobarbital sodium) during the 
course of the hyperthermia suppresses the activity of the 
mechanism for heat conservation and heat production 
and reduces body temperature to the normal level. 
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When administered subcutaneously, pentobarbital is 
relatively ineffective. The striking efficacy of pento- 
barbital in reducing experimental hyperthermia in the 
monkey warrants its trial in the treatment of neurogenic 
hyperthermia following acute injury to the brain in man. 
(R. M. S.) 

Myasthenia Gravis.—The myasthenic patient exhibits 
a pronounced sensitivity to curare. One-tenth the usual 
physiological dose of curare produces profound exacer- 
bation of existing symptoms, and generalized curariza- 
tion adds new symptoms of myasthenia. These pheno- 
mena suggest a specific diagnostic test for the disease. 
Injection of one-tenth the usual physiological dose of 
standardized curare is a safe procedure if followed by 
administration of prostigmine methyl-sulphate. Larger 
doses must be administered with caution, as fatalities 
may occur. Five patients with different phases of the 
myasthenic syndrome have shown a specific response to 
the curare diagnostic test, even though for some the 
prostigmine test was inconclusive. The cause of myas- 
thenia gravis should be found by explaining the occur- 
rence in the disease of the neurophysiological disturbance 
resembling chronic curarization. (R. M. S.) 


Disturbances in Parotid Secretion.—In this communi- 
cation the authors describe a method of measuring the 
disturbance in parotid secretion in an unusual syndrome 
involving the artery of the facial nerve—a branch of the 
anterior inferior cerebellar artery. Their results indicate 
that the motor nerves of the parotid gland do not have 
bilateral representation in the brain stem, as was sug- 
gested by Kohnstamm on the basis of animal experi- 
ments. (R. M. S.) 

Treatment of Post-Lumbar-Puncture Headache with 
Ergotamine Tartrate.—Ergotamine tartrate, at least 
according to these data, is of value in relieving post- 
lumbar-puncture headache in eight- to nine-tenths of the 
patients only when the drug is administered according 
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*Formation of Demyelinated Plaques Associated with Cerebral Fat 
Embolism in Man. I. M. Scheinker. 


—— of the Anterior Inferior Cerebellar Artery. R. D. Adams. 


Diseases of Muscle. XII.—The heredity of progres- 
sive muscular dystrophy was studied in 75 families, in 
which a total of 125 members were affected with the 
disease; 54 per cent. of the 125 patients gave a history 
of at least one other member of the family affected with 
the disease; of the 85 patients who were examined, 
25 per cent. gave a positive familial history of the disease. 
More males had progressive muscular dystrophy than 
did females. The ratio of males to females was 3: 1. 
Twenty-six males inherited the disease by a simple sex- 
linked recessive factor; e.g. the muscular dystrophy 
appeared in the males but was transmitted by apparently 
healthy females. In 7 males and 7 females transmission 
of the disease was by a dominant hereditary factor. 

The exact mechanism of heredity in 61 males and 24 
females was not determined, but was of a recessive type. 
It is postulated that in this group inheritance in many 
instances was by a simple sex-linked recessive factor. 
Another possible type of hereditary transmission is one 
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to the tolerance of the particular patient for the drug 
Each person differs in this respect and one must ad. 
minister the drug as carefully as one rapidly digitalizes g 
patient or as one administers morphine sulphate to g 
patient with acute myocardial infarction. (R. M. §.) 


Juvenile Amaurotic Idiocy.—A case of the juvenile type 
of amaurotic family idiocy is described. An attempt jg 
made to correlate the results of neurological, psycho. 
logical, encephalographical, and histological studies, 
with particular reference to cortical activity. In spite of 
severe and widespread cellular alterations many cortical] 
functions were retained, and the electro-encephalo- 
graphical pattern was not especially impaired. (R.M.§.) 


Comparison of Metrazol with Electric Shock Treatment 
of Schizophrenia.—Approximately the same results were 
obtained in 100 schizophrenic patients treated with 
electric shock as in a similar group of patients treated 
with metrazol. Two to eighteen months after treatment 
was completed, 32 patients were improved and 68 were 
unimproved. There is a pronounced tendency to relapse 
in schizophrenic patients treated with convulsive shock 
therapy. While amelioration of psychotic symptoms 
and behaviour occurs in many patients, the essential 
schizophrenic pattern remains unchanged. Convulsive 
shock therapy helps to achieve remissions earlier than 
routine institutional treatment and therefore diminishes 
the duration of hospitalization. Electric shock therapy 
is preferable to metrazol therapy, as has been pointed 
out by many workers, because there are amnesia for the 
treatment, less fear and anxiety, painless shock and 
avoidance of repeated intravenous injections in resistive 
patients. Its greatest value consists in aiding in the 
preparation of unco-operative patients for other thera- 
peutic measures, such as psychotherapy, occupational 
and recreational therapy, and general psychiatric 
management. (R. M. S.) 


a May 1943 


of multiple recessive factors in which the number of 
factors necessary to induce the condition is fewer for 
males than for females. There was a definite relation 
between the age of the patient when the symptoms first 
were noticed and the clinical course of the disease. In 
patients in whom the disease appeared early in life dis- 
ability developed much faster than it did in patients in 
whom the first symptoms appeared at a later age. In 
the present series, the patients whose inheritance of the 
disease was by a dominant hereditary factor manifested 
their first symptoms relatively late in life. In these 
patients the progress of the disease was slow and investi- 
gations showed that the disease remained localized to 
certain muscle groups for long periods. In contrast, 
when progressive muscular dystrophy developed early in 
life the process usually became extensive in distribution 
and involved most of the muscles early in the course of 
the disease. (R. M. S.) 


Studies in Diseases of Muscle. XVIII.—A family in 
which progressive muscular dystrophy of atrophic distal 
type developed in 12 members is reported. The onset 
of symptoms usually was at about the age of 33 years 
(from 28 to 43 years). The muscles earliest and most 
severely affected were those of the legs and feet. Here- 
dity was by a dominant factor. Autopsy observations 
in One case were similar to those often made in cases of 
progressive muscular dystrophy. (R. M. S.) 


Spinal Necrosis of Obscure Origin.—Necrosis or 
softening of the spinal cord has been described by 
numerous observers. Aside from the cases in which the 
cause was known to be thrombotic, traumatic, toxic, or 
infectious, a general group may be considered in which 
the etiological factors are obscure. These have been 
recorded under various headings, such as acute or sub- 
acute necrotic myelitis, progressive necrosis of the spinal 
cord, myelomalacia and myelodegeneration. There is 
little agreement regarding the etiological factors or the 
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nature of the pathological changes. The literature is 
reviewed, and four case studies are presented to indicate 
the general clinical pictures and the predominant patho- 
logical changes. It is suggested that in many of the 
cases reviewed, as well as in those presented, toxi infec- 
tious causative factors and tissue reactions appear to 
exist. No specific agent has as yet been identified, but 
the possibility of its existence should be considered. 
(R. M. 5.) 

Fate of Ganglion Cells in Infantile Amaurotic Family 
Idiocy.—Investigation of several cases of infantile 
amaurotic family idiocy has revealed the existence of 
inclusion bodies and severe secondary cell degeneration. 
The inclusion bodies are partly argentophilic and partly 
argentophobic, depending on the kind of fat which 
forms their basis. In cases in which inclusion bodies 
are present there are almost myoclonic states. Precipi- 
tations outside the cells are caused by degeneration of 
axons. It cannot be definitely decided whether there 
are also precipitations from the tissue fluid (Alzheimer 
and Stiirmer). The clinical signs in cases of infantile 
amaurotic family idiocy are due only in part to the well- 
known cell changes, which affect merely the vegetative, 
and not the functioning, portion (fibrils). Only when 
the functioning part also is affected do neurological 
signs appear. The atonic asthenia, like that in myas- 
thenia or in Addison’s disease, is to be explained by a 
disturbance in cholinergic and adrenergic factors, 
obviously the result of changes in the thymus and the 
adrenals which are observed with infantile amaurotic 
family idiocy. (R. M. S.) 

Pathways for Pain from Stomach of Dog.—In this 
study an effort was made to outline the neurological 
pathway for mediation of the pain which follows disten- 
tion of the stomach in the dog. Pain was produced by 
distending the stomach with an air-filled balloon. The 
results of this investigation indicate that visceral afferent 
nerve fibres only are involved in the mediation of the 
pain which follows distention of the stomach in the dog 
and that they are contained within the greater splanchnic 
nerve. The majority of these fibres traverse the rami 
communicantes of the eighth through the thirteenth 
thoracic spinal nerve and enter the spinal cord through 
the corresponding posterior roots. Evidence was pre- 
sented which indicates that some of these fibres traverse 
the sympathetic trunk as far cephalad as the fourth 
thoracic and as far caudad as the third lumbar sympa- 
thetic ganglion. These particular fibres undoubtedly 
enter the spinal cord over the rami communicantes and 
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the corresponding posterior roots of the fourth through 
the seventh thoracic and the first through the third 
lumbar spinal nerve. (R. M. S.) 


Demyelinated Plaques Associated with Cerebral Fat 
Embolism.—In a clinical and pathological consideration 
of cerebral fat embolism emphasis is placed on the dif- 
fusely scattered patches of demyelination, which are 
considered to be a constant and striking histopathological 
feature of the disease. The lesions of cerebral fat 
embolism are of two varieties: (a) miliary anemic 
infarcts, which result in focal areas of necrosis (destruc- 
tion of all tissue elements), and (b) focal areas of demye- 
lination with partial preservation of the nerve parenchyma 
(nerve cells and nerve fibrils) and early signs of glial 
repair. The lesions of cerebral fat embolism are con- 
sidered to be similar to the early lesions of multiple 
sclerosis. (R. M. S.) 


Occlusion of the Anterior Inferior Cerebellar Artery.— 
The same principles of diagnosis, so well known for the 
other vascular syndromes of the brain stem and cere- 
bellum, seem to apply in cases of occlusion of the anterior 
inferior cerebellar artery. The onset of the disorder is 
usually sudden, with or without premonitory symptoms, 
and usually is unaccompanied by any loss of conscious- 
ness. Vertigo is the first and most important symptom 
and is often associated with nausea and vomiting. The 
other symptoms of facial paralysis, deafness, sensory 
disturbance and cerebellar asynergia appear in a few 
hours but may not all attract the attention of an un- 
observant patient. The diagnosis is at once obvious 
because of the association of signs of ipsilateral involve- 
ment of the cranial nerves and cerebellum. The clinical 
course is one of gradual improvement over a variable 
period, and rarely is the condition fatal except as it 
provokes other complications, such as_ broncho- 
pneumonia, or is part of extensive hypertensive vascular 
and renal disease. Notable by their absence are all 
signs pointing to involvement of the corticospinal tracts 
and medial lemnisci, which receive their blood supply 
from midline tributaries of the vertebral and basilar 
arteries. As far as can be ascertained, the symptoms 
are related chiefly to softening of the lateral portions of 
the brain stem and cerebellar peduncles rather than to 
involvement of the cerebellar hemisphere. When an 
infarct is limited to the cerebellar hemisphere, vertigo 
may be the onty clinical manifestation, or such a lesion 
may pass unnoticed and be unexpectedly discovered at 
autopsy. (R. M. S.) 








6 June 1943. 


E.E.G. Foci Associated with Epilepsy.—Electro- 
encephalographic studies were carried out on a random 
sample of 1,161 epileptic patients. Clinical evidence of 
localized damage to the brain was fifty-eight times as 
common in epileptic patients with electro-encephalo- 
graphical foci as in patients in whom the disturbance 
was generalized or absent. The same types of seizure 
discharge or other electro-encephalographical abnor- 
mality were encountered in cases with focal electro- 
encephalographical activity as in cases with non-focal 
disorders. However, certain types of abnormality, 
notably irregular } to 3 per second activity, spikes and 
2 per second waves and spikes, were much commoner 
in focal than in non-focal records. The presence of one 
of these three types of abnormality is presumptive 
evidence of localized damage to the brain. (R. M. S.) 


Electrical Stimulation and Atrophy of Denervated 
Skeletal Muscle.—From their experiments on albino 
rats, the authors conclude that electrical stimulation is 
effective in reducing the loss of weight of denervated 
muscle. Of the types of current tried, the 25-cycle 
alternating (sinusoidal) current produces the best results 
with respect to retention of weight, and the 60-cycle 
current is second best. Neither galvanic nor faradic 
current performs consistently better than the other. 
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Both are inferior to the 25- and the 60-cycle sinusoidal 
current. The effectiveness of the treatments increases 
with the number of treatments daily. This relationship 
is apparently linear. No sensible differences in results 
are obtained by varying the length of the treatment 
within the limits employed (one to five minutes). 
(R. M. 8S.) 


Interaction of Electric Shock and Insulin Hypo- 
glycemia.—The authors’ experiments give additional 
proof of the greatly increased excitability of the sympa- 
thetic centres in hypoglycemia. (R. M. S.) 


Corpus Callosum.—In 22 cases of epilepsy in which 
the frontal lobes were relatively intact, partial and com- 
plete section of the corpus callosum did not result in 
forced innervation or forced grasping. In three cases of 
chronic unilateral lesions involving the anterior portion 
of the hemisphere, partial or complete section of the 
corpus callosum resulted in the temporary appearance of 
forced grasping in the contralateral hand. This was 
associated with an ideokinetic dyspraxia in two cases 
and with exaggeration of a pre-operative kinetic 
dyspraxia in the third case. There may be a close 
relation between forced grasping and dyspraxia. 
(R. M. S.) 


Experimental Swelling of Brain.—Acute swelling of 
the brain was produced in dogs by lesions of the lower 
part of the fourth ventricle and the medulla. This 
swelling usually appeared with a simultaneous rise in 
blood pressure, but later the swelling persisted in spite 
of the fall in blood pressure. The blood flow through 
the brain did not show any marked or persistent change 
in the majority of the experiments. There was an 
increase in water content of the gray and the white 
matter of the swollen brain. The intravenous injection 
of hypertonic solutions reduced swelling of the brain in 
most of the experiments. The only significant histo- 
logical change was dilatation of the perivascular spaces. 
The possible explanation of this experimental swelling 
of the brain induced by lesions of the fourth ventricle is 
discussed. (R. M. S.) 


Schizophrenic Language.—The writer concludes that 
in paranoid schizophrenia the language material of the 
patient is definitely autistic. (R. M. S.) 


Dextrose Tolerance Curves with Manic Depressive 
Psychosis.—The authors’ observations permit the con- 
clusion that abnormal oral dextrose tolerance values for 
manic-depressive patients are attributable to delayed 
absorption of dextrose from the gastro-intestinal tract 
and cannot be accepted as evidence of an intrinsic 
disorder of carbohydrate metabolism. (R. M. S.) 


Involvement of Posterior Cord of Brachial Plexus.— 
The syndrome of involvement of the posterior cord of 
the brachial plexus does not correspond to either the 
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upper or the lower arm type of lesion of the brachial 
plexus, but shows evidence of involvement only of those 
muscles which are supplied by the branches of the 
posterior cord of the brachial plexus. (R. M. S.) 


Encephalopathy following Administration of Arsenica| 
Preparations.—The four cases presented by Boyd and 
Nie lend support for the hypothesis advanced by Globys 
and Ginsburg that in arsphenamine encephalopathy aj 
the cerebral disturbances are on the endothelial lining of 
the capillaries and that vascular injury is the essential 
factor in the various reactions. (R. M. S.) 


Retrograde Degeneration.—Retrograde degeneration, 
implying breakdown and disappearance of axons, has 
not been observed to occur in the long motor or sensory 
tracts of the spinal cord of the cat or monkey within ten 
months after hemisection. Thus the author’s results 
are not in harmony with the view that the cells of origin 
disappear quickly, or at all, when the axons of a tract 
in the cord are sectioned. (R. M. S.) 


Cervical Syringomyelia Associated with Arnold-Chiari 
Deformity.—Compression of the neuraxis at or about 
the level of the foramen magnum may result in a variety 
of histopathological states. In many instances the 
anatomical picture resembles that of syringomyelia, and 
in some cases the clinical picture is indistinguishable 
from that produced by the latter disorder. Platybasia 
and true syringomyelia may be co-existent pathological 
states, and the lack of continued improvement after 
decompression of the foramen magnum may be due to 
the primary disease of the spinal cord. (R. M. S.) 


Permanent Damage following Polyradiculo-neuritis.— 
A clinicopathological study of a case of polyradiculo- 
neuritis is reported. Recovery from the acute phase of 
the disease was followed by neurological signs indicating 
degeneration of the posterior column of the spinal cord. 
The patient died nineteen months after the onset of his 
neurological symptoms of an intussusception of the small 
intestine. Pathological study of the nervous system dis- 
closed loss of ganglion cells in the posterior root ganglia 
with degeneration of the posterior column of the spinal 
cord, the posterior nerve roots, and the peripheral 
nerves, without inflammatory reaction. The observed 
pathological changes were not regarded as characteristic 
of any known disease affecting the nervous system. 
(R. M. S.) 


Myasthenia Gravis.—Two cases of Myasthenia Gravis 
reported by Riley and Frocht constitute the fourth 
instance reported in medical literature in which more 
than one member of a family was involved. It is be- 
lieved that a more careful search and a complete history 
in each case of myasthenia may reveal additional data 
concerning a tendency of this disease to develop in more 
than a single member of a family. (R. M. S.) 
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*Studies of Neuromuscular Disorders: The Myogram, Blood 
Cholinesterase and Effect of Prostigmine in Myasthenia Gravis and 
Progressive Muscular Atrophy. G. Odom, C. K. Russel, and D. 
McEachern. 1. 

*Subdural Empyema. C.S. Kubik and R. D. Adams. 18. 

*On the So-called “* Laryngeal! Epilepsy.””, C. W. M. Whitty. 43. 

*Genetic and Familial Aspects of Dystrophia Myotonica. O. Maas 

and A. S. Paterson. 55. 


Neuromuscular Disorders.—Myograms were obtained 
from 11 patients with myasthenia gravis, six with pro- 
gressive muscular atrophy, two with chronic thyrotoxic 
myopathy, and from normal subjects. The limb was 
immobilized and the motor point of the ulna nerve 
stimulated electrically. Blood cholinesterase was deter- 
mined and the effect of prostigmine, injected into muscle 
and artery, was observed. The characteristic myograms 
of myasthenics exposed to rapidly repeated stimuli be- 
came normal 45 minutes after intramuscular injections 
and immediately after intra-arterial injection. In the 
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latter case the myogram remained normal after the blood 
cholinesterase had risen to the pre-injection level, from 
which it had fallen as a result of the prostigmine. It is 
thought that the persisting effect is due to persistent 
lowering of muscle cholinesterase. The blood and serum 
cholinesterase was not abnormal in either myasthenia or 
progressive muscular atrophy, and in both the fall 
paralleled the dose of prostigmine. Fasciculation in 
progressive muscular atrophy seems to be due to a peri- 
pheral change, and the suggestion is made that the 
neuronal degeneration sensitizes the muscle to the 
normal amounts of acetyl choline present in resting 
muscle. The fasciculation which follows injection of 
prostigmine in normal subjects also has a peripheral 
origin. (D. J. W.) 


Subdural Empyema.—Fourteen cases of — subdural . 


empyema, 12 with autopsy, are described and related to 
previously reported cases. The infection arose in the 
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aranasa! sinuses in 12, and in the ears in only one case. 
This is in contrast to some other authors, who blame 
aura! infection for most cases. There is a well-defined 
and fairly consistent syndrome of sinusitis followed by 
orbital swelling, headache of increasing severity, a high 
temperature, neck rigidity, increasing drowsiness, hemi- 
plegia, and Jacksonian attacks, often with paralysis of 
contralateral deviation of the eyes. The C.S.F. pressure 
js raised with a moderate polymorphonuclear leuco- 
cytosis and raised protein. Death occurs in about a 
week. The infection was by direct extension through 
the dura or by cerebral thrombophlebitis. The pus 
covered the hemisphere and there was severe ischemic 
necrosis of the underlying grey and even white matter. 
Treatment should be by drainage through a lateral 
frontal craniotomy. (D. J. W.) 


“ Laryngeal Epilepsy.”"—Four cases of fits following a 
period of coughing are described. The name laryngeal 
epilepsy is preferred to Charcot’s laryngeal vertigo, since 
the condition appears to be primarily epileptic. It is 
either true reflex epilepsy, epilepsy with a laryngeal aura, 


Vol. 66. 


*Afferent Areas in the Brain of Ungulates. E.D. Adrian. 89. 

*On the Mode of Representation of Movements in the Motor Cortex 
with Special Reference to ‘* Convulsions Beginning Unilaterally ” 
(Jackson). F.M.R. Walshe. 104. 

*Indirect Injuries of the Optic Nerve. J. W. Aldren Turner. 140. 

*Reflex Studies in Electrical Shock Procedure. F.F. Kino. 152. 


Afferent Areas in Brain of Ungulates.—The cortical 
discharges resulting from stimulation of discrete areas 
of the body have been observed in different animals. 
The areas of the cerebrum from which the discharges 
were Obtained have been mapped out and correlated 
with the sites of stimulation. The experiments were 
made upon two goats, sheep, pigs, and Shetland ponies. 

In all these animals the largest area of the sensory 
cortex received afferents from the snout area. The 
distal extremities had the next largest area, and the body 
littie or none. There were species differences. In the 
goat and sheep the largest supply was from the homo- 
lateral upper and lower lip, but the feet were represented 
contralaterally. In the pig the whole of the cortical 
sensory area seems to be taken up with the representa- 
tion of the contra-lateral half of the snout. The ratio 
of the sensory surface to the cortical receiving area 
Suggests that the tactile discrimination of the snout may 
be greater than that of the human hand. 

The relatively poor representation of all other areas of 
the body in these animals seems to be related to their 
method of feeding and to the stereotype function of the 
limbs in locomotion and posture. By contrast dis- 
charges reach the cortex from most of the exposed parts 
of the body in carnivores. In the pony, although the 
position of the receiving area was like that of the sheep 
and the goat, it mainly represented the contra-lateral 
nostril. There was also representation of most of the 
limb surfaces. 

The ipsilateral representation of the lips in the sheep 
and goat may be due to the dominance of smell, which 
has ipsilateral representation, rather than sight as a 
guide to feeding. In the pig and tiie horse the contra- 
lateral representation of the nostrils may be explained 
by their use for tactile exploration in conjunction with 
vision, which is represented contra-laterally. (D. J. W.) 


Representation of Movements in Motor Cortex.—The 
experimental and clinical evidences of the way in which 
movement is represented in the cerebral cortex are 
reviewed at length. Arguments are presented which 
support the original theories of Jackson which were 
based on the conception of a motor cortex in which 
there is a complex pattern of overlapping and graded 
representations of movements, rather than the view, 
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or in some cases the onset of a fit in a predisposed person 
as a result of venous congestion. The theories that the 
fits are caused by forced expiration giving asystole, 
simple venous congestion, or anoxemia, are dismissed 
as unlikely. (D. J. W.) 


Genetic and Familial Aspects of Dystrophia Myotonica. 
—The families of 94 patients with myotonica have been 
surveyed as completely as possible. In these families 
261 individuals showed definite signs, and 285 others 
were considered to have suspicious symptoms. The 
authors consider myotonia atrophica and congenita the 
same disease. Of 356 members of the families examined 
personally 236 were affected, 103 were suspicious, and 
only 17 unaffected. Some of the signs employed in 
recognizing the second group were slight and had never 
progressed; they included, for example, an abnormally 
weak grip. The statistics completed have been analysed 
exhaustively. It is concluded that the disease is trans- 
mitted as a dominant, it does not skip generations, it is 
transmitted equally by males and females, and multiple 
hereditary factors are involved. (D. J. W.) 
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which has arisen from more recent exploration of the 
cortex, which suggests a punctate representation of the 
body in the cortex in the form of a mosaic of abrupt 
localizations. The view is expressed that the normal 
combinations and sequences of movement are repre- 
sented in the cortex on a plan of wide and overlapping 
fields, each of which has a.focus where the movements 
of one part are mainly, but not exclusively, represented. 
Points surrounding this focus may yield the same move- 
ments on stimulation as does the focal point, but as the 
threshold for the response varies with the distance from 


the focus the subsidiary points in the area of representa- 
tion only produce the movements in special circum- 


stances. Thus, although there is anatomical representa- 
tion of movements in the cortex, the exact area of cortex 
which is subserving a movement depends upon the 
physiological conditions existing from moment to 
moment. 

The variations in the response of a fixed cortical point 
to experimental stimulation are not due to any change 
in localization but to variations in the threshold of 
excitability of the movements represented there. These 
variations are produced by facilitation of response, and 
by deviation of response to another point, which is 
consequent upon facilitation. (D. J. W.) 


Indirect Injuries of Optic Nerve.—A clinical study has 
been made of 46 cases of indirect optic nerve injuries. 
The optic nerve is injured in about 1-5 cases of head 
injury. In cases with partial injury visual acuity may 
be practically normal, but small scotomata may be 
present. The injury which gives rise to indirect optic 
nerve damage is almost invariably frontal, and in only a 
tenth of the cases was there radiological abnormality of 
the optic foramina. The view is held that the injuries 
to the nerve are secondary to intraneural vascular 
damage. (D. J. W.) 


Reflex Studies in Electrical Shock Procedure.—The 
superficial and deep reflexes have been elicited after 
electrical shocks in 200 psychiatric patients. Imme- 
diately after the convulsion the tendon jerks, particularly 
the knee jerks, are increased, but the supinator jerk is 
almost invariably suppressed. At the same time the 
superficial reflexes disappear and the plantar response, 
after transitory disappearance, becomes extensor. The 
corneal reflex is not affected, but a powerful grasp reflex 
can be obtained. There is wide individual variation in 
the degree of reflex change, its character and its time of 
restoration to normal, although the intensity of electrical 
current used is constant. (D. J. W.) 
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Nitrogen Retention in Simmonds’ Disease.—Four 
patients with Simmonds’ disease have been treated by 
methyl-testosterone and marked improvement occurred 
clinically and changes in chemical metabolism were 
demonstrated. (J. N. C.) 
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Relationship of Dehydration of Blood Plasma to Col- 
apse.—It was found that during artificial fever therapy 
the incidence of collapse could be reduced by the replace- 
ment of sodium chloride lost in the sweat. A useful 
guide for control of amounts required was by measure- 
ment of the plasma specific gravity. (J. N. C.) 
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Prolongation of Action of Subcutaneously Injected 
Medicines.—The addition of suitable concentrations of 
zinc given with posterior pituitary extract, with epine- 
phrine or thiamin resulted in prolongation of the action 
of each of these substances. (J. N. C.) 
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An Analysis of the Disturbances of the Higher Cortical Functions, 
Agnosia, Apraxia, Aphasia. H. A. Teitelbaum. ‘ 

A Comparative Study of the Combined Metrazol-Hypoglycemic 
?_—- cer and Spontaneous Improvements in Schizophrenia. 
. Notkin. 


February 1943. 


Aseptic Lymphocytic Meningitis in the Case of Infantile Cerebral 
Palsy, Adult Form. L.B. Shapiro. 166. 


The Role of Hostility in Affective Psychoses. 
Friedman. 170 


Innervation and “ Tonus”’ of Striated Muscle in Man. E. Jacobson. 
197. 


J. E. Oltman and S. 


March 1943. 


Cardiovascular Response to Acetyl-Beta-Methylcholine (Mecholyl) 
in Mental Disorders. L. L. Altman, D. Pratt, and J. M. Cotton. 
96 


Disorders in the Body-Image in the Clinical Pictures of Psychoses. 
G. Bychowski. 310. 


April 1943. 


Development Defects in Schizophrenics and Schizoids. 
baumer. 


Cryptorchidism and the Cremasteric Reflexes. L. Hess. 423 


A Traumatic Neurosis of World War I 23 Years After: Psychiatric 
and Rorschach Investigations. J. S. Miller and M. Gair. 6 


Observations of the English in War-Time. I. Matte. 


L. Kersch- 


447. 


May 1943 


The Effect of Prostigmine and Acetylcholine on Denervated Muscle 
R. Altschul. 549. 


A New Single-Unit Portable Electrostimulator of Nerves and Muscles. 
H. De Jong. 


Ambulatory Insulin Shock Technique in the Treatment of Schizo- 
phrenia. P. Polatin and H. Spotnitz. 567. 
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Vol. 97. 


Psychological “Observations in Affective Psychoses Treated with 
Combined Convulsive Shock and Psychotherapy. N. A. Levy and 
R. R. Grinker. 623. 

The Neurological and Endocrine Aspects of Atrophic Arthritis 
(Deformans). S. Stone. 638. 


Vol. 98. No. 
Introduction to the Growth Concept of Nervous Integration. D. E. 
Schneider. 
= Present Status of Convulsive Shock Therapy. A. E. Bennett. 


Hemiatrophy of Brain with Contralateial Cerebellar Atrophy. J. 
Moore. 31. 


Vol. 98. No. 


Electric Shock Therapy in the Psychoses: A Study of 100 Cases. J. 
Epstein. 115. 


Dysmorphopsia during the Course of Sulfanilamide Therapy. N. 
Savitsky and H. Weitzen. 130. 


Protocol of an Individual Play Session. J. L. Despert. 133. 


Vol. 98. No 


Alterations in Communicability, Content of Thought and Affective 
Response during Irritative (Camphor) Therapy. E. Friedman. 
229. 

Agranulocytosis following Malarial Therapy in General Paresis. 
T. J. Heldt and G. A. Goder. 248. 


The Principle of Evolution of Nervous Function. W. Riese. 255. 


No. 6. 


June 1943. 


Paralysis in the Old Testament. C.J. Brim. 656, 

Intracranial Aneurysms. M.H. Weinberg. 666 

Environmental and Personality Factors in the Psychoses. |, c 
Sherman and S. H. Kraines. 676. F 


1. July 1943. 


Pubertas Precox in a Female Infant caused by Ventricular Cyst, 
D. J. Flicker. 42. 

Cataplexy and Its Treatment. J.B. Dynes. 48. 

Observations in Electric Shock Therapy Applied to Problems of 
Epilepsy. L.B.Kalinowsky and F. Kennedy. 


2. August 1943. 


Some Remarks on Russel Brain’s Article concerning Visual Object. 
Agnosia. K. Goldstein. 148. 

Environment and Heredity in the Light of Modern Biology: A 
Critical Review. B.Karpman. 154. 

Introduction to the Growth Concept of Nervous Integration. D. E, 
Schneider. 164. 


* September 1943 


oe Symptoms in Multiple Sclerosis. G. Sugar and R. Nadell. 
267. 


A Neuropsychiatric View of German Culture. R.M. Brickner and 
L. Vosburgh Lyons. 281. 

Psychiatry and Neurology One Hundred Years and Fifty Years Ago, 
H. Stanka, 294. 


JOURNAL OF NEUROPHYSIOLOGY 


Vol. 6. No. 


*Cortical Response of the Anesthetized Cat to Gross Photic and 
Electrical Afferent Stimulation. W. H. Marshall, S. A. Ta!bot, 
and H. W. Ades. 1. 

*The Effect of Skeletal Fixation on Skeletal Muscle. 
R. C. Partridge, and J. Hunter. 

*Intravenous Potassium, Calcium and Magnesium and the Cortical 
Electrogram of the Cat. M.A. Rubin, H. E. Hoff, A. W. Winkler, 
and P. K. Smith. 23. 

Thermo-Regulatory Pathways in the Cat Brain Stem. L. E. Beaton, 
C. R. Leininger, and W. A. McKinley. 29. 

Spinal Distribution of Thermo-Regulatory Pathways in the Monkey. 
L. E. Beaton and C. R. Leininger. 37. 

*The Response of Single Auditory-Nerve Fibers to Acoustic Stimu- 
lation. R.Galambos and H. Davis. 39. 

A Secondary Acoustic Area in the Cerebral Cortex of the Cat. H.W. 
Ades. 59. 

The Pseudaffective State and Decerebrate Rigidity in the Sloth. 
Britton and R. F. Kline. 


D. Y. Soldnat, 


Cortical Response to Gross Photic and Electrical 
Stimulation.—Cortical responses to brief photic and 
electrical stimuli applied to the optic nerve were studied 
in the cat. The responses are usually predominantly 
surface positive, positive phase first. In light anesthesia 
negative components are prominent. The positive 
component is associated with ascending cortical pro- 
cesses, the negative with descending neural processes. 
The components of the surface positive wave may be 
assigned to activity in different layers of the cortex. 
The separateness of the positive and negative processes 
can also be shown by cross-conditioning of the cortical 
mechanism, wherein a photic stimulus applied to one 
eye is succeeded by an electric shock applied to the 
opposite optic nerve. The positive components evoked 
by the latter reaction are subnormal, but the negative 
component may be greatly facilitated. Facilitation of 
the negative wave mechanism may build up over a 
period of several hundred msec. If the excitability is 
raised with picrotoxin the negative wave moves by steps 
to the first primary response. Both photic excitation of 
the retina and electrical excitation of the optic nerve 


evoke primary responses over both striate and extra- . 


striate (or peristriate) regions. The extra-striate re- 
actions in the suprasylvian cortex are in part due to 


association pathways from the striate and in part to - 


projections from the lateral geniculate or neighbouring 
nuclei. The predominant negativity of the photic 
cortical response in some cats cannot yet be adequately 
explained. (W. M. H.) 


l. January 1943 


Skeletal Fixation on Skeletal Muscle.— Immobilization 
of the gastrocnemius-soleus group of muscles effected by 
pinning of the joints, produced marked atrophy during 
the first 10 days, and hypersensitivity to intra-arterially 
injected Ach. The atrophy did not reach the degree 
seen in muscles paralysed by loss of their motor nerves. 
(W. M. H.) 

Intravenous Potassium and Cortical Electrogram.— 
Potassium and calcium cause no change in the cortical 
electrogram until the development of intraventricular 
block or cardiac arrest, when slowing of the cortical 
electrogram ensues. Magnesium, on the other hand, 
produces transient periods of slowing before patho- 
logical changes appear in the electrocardiogram. 
(W. M. H.) 

Auditory Nerve Fibres and Acoustic Stimulation —The 
activity in single fibres of the auditory nerve in cats has 
been studied with the aid of micro-electrodes. The 
fibres were excited by delivering acoustic stimulation to 
the ear. Each auditory nerve fibre responds only to a 
narrow band of sound frequencies when the sound 
intensity is just sufficient to excite it at all. Fibres were 
found which were specifically sensitive to narrow bands 
of frequencies in the frequency range between 420 c.p.s. 
and 25,000 c.p.s. Auditory fibres may discharge spon- 
taneously in the absence of any apparent sound stimulus. 
After a period of activity during sound stimulation, the 
spontaneous activity may be temporarily depressed and 
then accelerated (after discharge). Auditory fibres 
behave much like other sensory fibres. To a continuous 
adequate sound stimulus the auditory fibre responds by 
a train of impulses gradually declining in rate. Within 
a few tenths of a second this rate adaptation is complete 
and the amplitude of the potentials is diminished. At 
constant frequency an increase in sound intensity causes 
an increase in the rate of discharge of the single fiber. 
Most fibres reach a maximum of 450 discharges per 
second after an intensity increase of about 30 db. The 
frequency band capable of exciting a given fibre increases 
as the intensity level is raised. At levels about 100 db. 
above threshold, tones 3 octaves below and 4 above 
may be adequate. The findings support the place 
theory that pitch depends on where, and loudness on 
how much of, the basilar membrane is disturbed. 
(W. M. H.) 
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CURRENT JOURNALS 
No. 2. 


Vol. 6. 


Investigation of Epileptiform Attacks Produced by Sudden Cooling 
of Frog Spinal Cord. M. Ozorio de Almeida. 73. 

*Effect of Hypothalamic Lesions on Electrical Activity of Cerebral 
Cortex. S. Obrador. 81. 

Electrical Polarization of Pacemaker Neurons. T. H. Bullock, H. S. 
Burr, and L. F. Nims. a Rie: 

*Specific Excitability of the Endplate Region in Normal and De- 
nervate Muscle. S. W. Kuffler, 99. 

*Reflex Action in Relation to Pattern and Peripheral Source of 
Afferent Stimulation. D. P. C. Lloyd. ¥ 

*Functional Organization of Temporal Lobe of Monkey (Macaca 
mulatta) and Chimpanzee (Pan satyrus). P. Bailey, G. von Bonin, 
H. W. Garol, and W. S. McCulloch. 121. 

*Long Association Fibres in Cerebral Hemispheres of Monkey and 
Chimpanzee. P. Bailey, G. von Bonin, H. W. Garol, and W. S. 
McCulloch. 129. 

The Effect of Oxygen Tension on the Metabolism of Cerebral Cortex, 
Medulla, and Spinal Cord. F. N.Craig and H. K. Beecher. 135. 

*The Interaction of Antidromic and Orthodromic Volleys in a 
Segmental Spinal Motor Nucleus. D.P.C. Lloyd. 143. 


Hypothalamic Lesions and Electrical Activity.—In the 
isolated heart and cardiac ganglion of Limulus a direct 
current causes a sustained reversible increase in frequency 
of heart beat and changes in wave form of the electro- 
gram. The effect is exerted locally where the current 
density is highest. (W. M. H.) 


Excitability of Endplate Region.—Properties of the 
endplate-free regions were investigated in single nerve- 
muscle fibre preparations of the M. adductor longus and 
in isolated sartorius muscles of Australian frogs (Hy/la 
aurea). Ach. nicotine and caffeine set up impulses by 
depolarizing the muscle membrane at the endplate region. 
Effects are not found at regions free of endplates. Potas- 
sium has a depolarizing action at and away from the 
endplate but initiates impulses at the endplate region 


only. Curarine opposes the depolarization and excita- 
tion caused by these drugs, excepting potassium. 
(W. M. H.) 


Reflex Action and Peripheral Source of Afferent Stimu- 
lation.—Two-neuron-arc reflex discharges in the dorsal 
root-ventral root reflex are secured by stimulation on 


the lowest threshold fibres of the dorsal root. Stimu- 
JOURNAL OF 
Vol. 101. No. 


The Circulatory Effects of Some Jso-Thiourea Derivatives, with 
Special Reference to the Sensitization of Animals to the Pressor 
Action of Adrenaline. F. N. Fastier and F. H. Smirk. 379. 


ee from Vestibular Receptors in the Cat. E. D. Adrian. 


The Effect of Bone Dysplasia (Overgrowth) on Cranial Nerves in 
Vitamin A-Deficient Animals. E. Mellanby. 408. 


Synthesis of Acetylcholine in Sympathetic Ganglia and Cholinergic 
Nerves. W. Feldberg. 432. 


Vol. 102. No. 


The Effect of Muscular Exercise on the Serum Cholinesterase Level 
in Normal Adults and in Patients with Myasthenia Gravis. H. B. 
Stoner and A. Wilson. 1. 

The Effect of Temperature on Blood Flow and Deep Temperature in 
the Human Forearm. H. Barcroft and O. G. Edholm. 5. 

On Sympathetic Vasoconstrictor Tone in Human Skeletal Muscle. 
7 Barcroft, W. McK. Bonnar, O. G. Edholm, and A. S. Effron. 


Histamine in Nervous Tissue. H. Kwiatkowski. 32. 
easonal and Annual Changes in the Calcium Metabolism of Man. 
R. A. McCance and E. M. Widdowson. 42. 
Effects of X-rays on Acetylcholine Solutions showing the Dilution 
and Protection Phenomena, found for Enzymes. W.M. Dale. 50. 
The Oxygen Affinity of Human Maternal Fetal Hemoglobin. E. F. 
McCarthy. 55. 
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lation of the higher threshold fibres is primarily respon- 
sible for the multineuron-arc reflex discharges. The 
fibres: mediating direct excitation and direct inhibition 
to the motoneurone are functionally indistinguishable in 
the dorsal root. Most of the connections to inter- 
neurons come from the cutaneous nerves.’ Thus, two 
neuron-arc reflex discharges are produced by stimulation 
of muscle nerve and multineuron-arc reflex discharges 
by stimulation of cutaneous nerves. (W. M. H.) 


Functional Organization of Temporal Lobe.—The 
temporal lobes of the macaque and chimpanzee show 
similar tonotopic features. The acoustic sector consists 
of the primary area 41, a small area 52 around it and 
area 22 mutually spiking each other. With strychniniza- 
tion the areas of the temporal sector, 21, 20, and 38 are 
shown to fire only locally. The commissural connections 
between the two temporal sectors are restricted to area 
21 and 90 by the anterior commissure. (W. M. H.) 


Long Association Fibres in Cerebral Hemispheres.—In 
the macaque and chimpanzee the homologues of well- 
defined long association bundles of the human cortex 
have been demonstrated by recording the electrical 
activity promoted at a distance by local application of 
‘strychnine. (W. M. H.) 


Interaction of Antidromic and Orthodromic Volleys.— 
Antidromic volleys may fail to conduct from the axon 
into the soma in some motoneurons. Thus a maximal 
antidromic volley back-fired into a segmental spinal pool 
of motoneurons fails to block a reflex volley completely 
unless the opposed volleys clash in the motor axons. 
The recovery curves show first the axonal recovery in 
motoneurons of which the somata are not activated by 
the antidromic volley, and then the recovery of synaptic 
transmission through the motoneurons with somata 
affected by the antidromic volley. Conduction in the 


neuron soma is accompanied by _ refractoriness. 
(W. M. H.) 

PHYSIOLOGY 

4. March 1943. 


The Origin of the Inflation and Deflation Pulmonary Reflexes. M. 
Hammouda, A. Samaan, and W. H. Wilson. 446. 

Cstrogens and Acetylcholine. C. W. Emmens, F. C. Macintosh, 
and _D. Richter. 460 

Synpatic Potentials and Transmission in Sympathetic Ganglion. 
J. C. Eccles. 

Factors affecting Absorption of Sodium d/-Mandelate from the 
Intestine of Cats. R.C. Garry and I. A. Smith. 484. 

Recovery of Fibre Numbers and Diameters in the Regeneration of 
Peripheral Nerves. E. Gutmann and F. K. Sanders. 489. 


i. May 1943. 


Experiments on the Blood Supply of Nerves. 
Schlapp. 

The Effects of Pressure on Conduction in Peripheral Nerve. 
Bentley and W. Schlapp. 

Determination of the Oxygen-combining Power of Blood with Bar- 
croft Differertial Manometer. Q.H. Gibson. 

Periodic Changes in Respiratory Depth, Produced by Changes in the 
Lung. R. V. Christie and G. W. Hayward. 88. 

The Mechanism of the Vasomotor Reflexes produced by Stimulating 
Mammalian Sensory Nerves. G. Gordon. 95. 

Effects of lodoacetic Acid, Glyceraldehyde and Phosphorylated Com- 
pounds on the Small Intestine of the Rabbit. W. Feldberg. 108. 

A Stimulant of the Secretion of Pancreatic Enzymes in Extracts of 
the Small Intestine. A.A. Harper and H.S. Raper. 115. 


F. H. Bentley and W. 
F. H. 


PHYSIOLOGICAL REVIEWS 


Vol. 23. 


The Réle of the Lipids in Atherosclerosis. E. F. Hirsch and S. 
Weinhouse. 185. 

The Nature of the Forces between Antigen and Antibody and of the 
Precipitation Reaction. L. Pauling, D. H. Campbell, and D. 
Pressman. 203, 


No. 3. 


July 1943. 


Physiological Study of Vertical Stance of Man. 
and E. B. Franseen. 

Non-Calorie Functions of Dietary Fats. 
Barnes. 256. 

Quantitative and Qualitative Variations in Normal Leukocytes. 
C, C. Sturgis and F. H. Bethell. 279. 


F. A. Hellebrandt 
G. O. Burr and R. H. 
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Vol. 17. 
Frontal! Lobe Tumor Expanding into the Ventricle Clinico-pathologic 
Report. S. Ariete. 


An y oe ol of Shock Therapy in Schizophrenia on the Basis of a 
Nitrogen Inhalation Control Series. L. R. Sillman and C. Ter- 
rence. 

Psychoanalysis of Psychoses. PartIl. P. Federn. 246. 

The Graphic Rorschach Manual. J. R. Grassiand K. N. Levine. 258. 

Contrasting Responses to Electric Shock Therapy in Clinically Similar 
Catatonics. G. Chrzanowski. 

The Carrington Family: A Psychiatric and Social Study Illustrating 
the Psychosis of Association of Folie 4 Deux. A. Gralnick. 294. 


Vol. 17. 


Impairment of the Retention Phase of Remembering. 
Cameron. 395. 

The Role of Operative Procedure in the Etiology of Psychosis. 
Oltman and §S. Friedman. 405. 

— of a Typical Dream: Finding Money. 
423 


D. &. 
a2. 
S. Friedman. 


Clinical Analysis of ie EOE Deterioration. 


O. Kant. 426. 
Thomas Lovell Beddoes. . K. Johnson. 446. 


No. 2. 


No. 3. 


April 1943. 


Observations on Electric Shock Treatment. K. Nussbaum. 227, 
Effects of Age on the Bellevue Intelligence Scales in Schizo; phrenic 
Patients. A. Weider. 337. 


Considerations of the Continued Treatment Service. L. D. Ozarip 
347. ; 


Indications and Results of Electric Shock Therapy in Mental Dis. 
orders. L. Reznikoff. 355. 


Menta! Characteristics Associated with “* Essential ’’ Hyperiension, 
L. Gold. 364. 


July 1943. 


Psychoanalysis of Psychoses. Part II]. P. Federn. 470. 

The Increase of Mental Disease. B. Malzberg. 488. 

Convulsive Disorders and Occupational Therapy. G. J. 
and M. Davis. 508. 

Attempted Suicide—A Comparative Study of Psychopathic and 
General Hospital Patients. A. B. Siewers and E. Davidoff. 520, 

One of the Neurotic Reactions Accompanying the Collapse of the 
** Basis Fantasy.”” E. Bergler. 535. 


Doolittle 


‘ 


SCHWEIZER ARCHIV FUR NEUROLOGIE UND PSYCHIATRIE 


Vol. 50. 


Les Encéphalopathies Traumatiques. Rapports Présentés a la Séance 
de la Societé Suisse de Neurologie 4 Zurich, les 6 et 7 Décembre, 
1941. (Traumatic encephalopathies. Reports presented at the 
meeting of the Swiss Society of Neurology at Zurich, on 6th and 
7th December, 1941.) 161. 

*1. Etude Neurologique. (Neurological study.) 
162. 

*2. L’Examen Psychologique dans les Encéphalopathies Trauma- 
tiques. (Psychological examination of traumatic encephalo- 
pathies.) A. Rey. 242 

3. Die posttraumatische Encéphalopathie. Ophthalmologischer Teil. 
(Post-traumatic encephalopathy. Ophthalmological section.) A. 
Franceschetti and M. Klingler. 267. 

4. Les Encéphalopathies Traumatiques au Point de Vue Neuro- 
Otologique. (Encephalopathies from the neuro-otological point 
of view.) E. Barbey. 345 

Communications : 

*5. Encéphalopathies Post-Traumatiques. 
cales. (Post-traumatic 
tions.) A. Jentzer. ‘ 

*6. Kritische Bemerkungen zvr Diagnose der traumatischen En- 
cephalose. (Critical observations on the diagnosis of traumatic 
encephalopathies.) R. Brun. 

Comptes Rendus de la 50® Assemblée de la Société Suisse de Neuro- 
logie, ayant eu lieu 4 Zurich, les 6 et 7 Décembre, 1941. (Proceed- 
ings of the 50th Meeting of the Swiss Society of Neurology, held in 
Zurich, on 6th and 7th December, 1941.) 408. 


G. de Morsier. 


Considérations Chirurgi- 
encephalopathies. Surgical considera- 


No. 


a 1943. 


Traumatic Encephalopathies.—(1) Morsier, in a general 
survey of the traumatic encaphalopathies, stresses the 
importance of the zones of vulnerability from points of 
impact and the frequency of lesions in the hypothalamic 
and midbrain regions. These may be large and fatal or 
small (perivascular hemorrhages, etc.) causing neuro- 
vegetative troubles in the cases that recover. He dis- 
tinguishes between reversible and temporary and irre- 
versible permanent changes. Very complete and pro- 
longed rest is indicated in these cases. (2) Rey, on the 
psychological study, points out that psychological tests 
must be suitable for the intellectual attainment of the 
person before the accident. Difficulty of hearing and 
attention difficulty and slowness on the work, marked 
psychological changes, with character changes which 
may be increased by these patients’ impatience with 
themselves. (3) Jentzer describes small haemorrhages 
in the dura and the suitability in some cases of operative 
treatment. (4) Brun tends to regard the psychological 
and physiological changes as hysteric in the ** Charcot ” 
sense rather than due to cerebral trauma. (G. M. G.) 
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HE widespread use of ‘ Epanutin’ in the treatment of 
epilepsy during the past few years has provided ample 
evidence that this anti-convulsant can reduce the frequency 
of epileptic seizures in a large number of cases. ‘ Epanutin’ 
is without the hypnotic and narcotizing: effects of drugs 
belonging to the barbituric acid class. 

It has been shown, however, that a striking synergism exists 
between ‘ Epanutin’ and phenobarbitone. The combined 
use of these two drugs has been found to be more effective 
in some cases than the use of either drug alone. Cases of 

epilepsy that do not respond to treatment with pheno- 
barbitone often yield to these two drugs together, and some 
authorities are of the opinion that the combination should 
be tried in every new case of epilepsy. 
Capsules containing 0.1 gm. (14 grains) of ‘ Epanutin’ 
(Soluble Phenytoin) with 0.05 gm. (# grain) of Phenobarbitone 
are supplied. 


‘EPANUTIN? pert 


with Phenobarbitone Ki 0 


PARKE, DAVIS & CO., 50 BEAK ST., LONDON, W.1. 
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ELECTRIC CONVULSION THERAPY 


for treatment of Melancholia, Mental and Psychiatric Disorders 


A new apparatus constructed to specification of Mr. GREY WALTER. The ideal method for inducing epilepti- 

form seizures. Administration is simple, speedy and effective. Complete amnesia of patient. Apparatus is 

portable and is in use in more than 200 Hospitals. 

(See article entitled ‘‘ Treatment of Depression in later Life.’ by Drs. D. E. Sands, D.P.M., and W. Sargant, 
D.P.M.—B.M.j., April 25, 1942.) 


Please write for brochure describing technique together with clinical data and bibliography. 


COX-CAVENDISH ELECTRICAL CO., LTD. 


Phone :] 46 and 47, Marylebone High Street, London, W.! [WELbeck 2886-7 
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CITY OF LONDON MENTAL HOSPITAL CHISWICK HOUSE, 
Near DARTFORD, KENT. PINNER, MIDDLESEX 


LADIES and GENTLEMEN received for 
treatment under Certificates and without Telephone: PINNER 234 
Certification as either VOLUNTARY or 
TEMPORARY PATIENTS, at a weekly fee A Private Hospital for the Treatment and Care of 
of £2 9s. od. and upwards. Mental and Nervous Illnesses in both sexes. 


An illustrated booklet giving full particulars eee pan ered mg nee eae Ae 


may be obtained from : Fees from 10 guineas per weck, inclusive. Cases under 
THE MEDICAL SUPERINTENDENT. Certificate. Voluntary and Temporary patients received 


for treatment. 





Telephone : Telegrams : 


Dartford, Stone House, DOUGLAS MACAULAY, M.D., D.P.M. 
2901-2902 Dartford, Kent 








UOUUVELEUEAES AEN CA UAE TA EAA 











NATIONAL HOSPITAL, Queen Square 


FENSTANTON |||" sggemtagine tne sn 


CHRISTCHURCH ROAD LONDON, W.C.1. 


STREATHAM HILL, &.W.2 IS HOSPITAL is a School of Medicine and has been 
Emergency Address: ‘Five Diamonds ’”’ recognised by the Conjoint Board of England as a place 
Ch alfont St. Giles. Bucks where part of the fifth year ee devoted to clinical work. 
’ ? THE OUT-PATIENT PRA CE is open at 10.30 o'clock 
: day (except Saturday) during the winter months. 
A Private Home for the Treatment of Clingcal Assistante ar : Sef 
pointed to the Ph for Out- 
LADIES with Mental and Nervous Disorders. patients for six meats. eA Tee | ae 
Psycho-Therapy, Physio-Therapy, etc. 12 THE IN-PATIENT PRACTICE js open at 10 o'clock. 
acres of Grounds. A limited number of CLINICAL CLERKS will be appointed. 
Apply : Fees: = _—_. £5 Ss. ae ee &7 7s. 
A fee of £2 2s. for three months, or s. for th, i 
Dr. MADELINE R. LOCKWOOD, charged Sor attending the Out-petiont Department caly. 
Resident Physician Superintendent Occasional courses in Neurology will be given during the War. 
: J. PURDO MARTIN, 
Telephone : LITTLE CHALFONT 2046. Acting Dean of the Medical School. 
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